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umm i ] ¥«wi£ffM^i>si i wist , 
BoiE^flsJiJity*- bffi^^ffM-r m2 wxg 

nt. 

mm i e>mw&±.izm2(Dmm6iz&m-im4 wx 
St. 

MiE® 2 oommmRumm i w*mitM lt t* ? >r 
x > y f - i @ * @tf i >m i em®?)?- v 

frlSH 1 h€ffit*TLT F7^X7fy/ 

£trv ^ 2 oit^y- bms^ ffM-r s m i wxn 

coy- hmmm-im coxMt . ma^mmz 
mm tth^w^mmim. 

[11*112] 11*111 fciSWC, lulBH 1 tfaJWKStf 

[|f*H3] |f*Hl ifcJiilW&B 2 fciSWC, IfffEffi 
5WX*lt;£{tl> H9>fx.y^^-C(±, im&UXR 
t/y «y *^#X , ^ L < (iJt*j6#X&tf 7 -y S^#X 

[|f*iB4] iMili^swu-f^-tfcw^, if 
fam7wxstfeits )*74x.vj->?"e^ imm 
xRtf?vmm*^m^xm2mmcDy-hnm$: 

[||*II5] tf*lI17W4WVvf^-fckivC. ff 
IBJS8wxgt;£Ct§ H^-f x^y^Tli. 
x m/7*m # x &tf ( ) : t ffl i - H 3 w /c w y- 

[ If *H 6 ] If *H 1 J 1 )!? 5 w^ti^-^IBfjw frlB 

m9wxis(i, ftjfei?2wff^w^-bm«£}M-f£ 
ffiam i commmRvmi?- himmzmtti x o 
^mmitm v-^y^iztTma^mmzm 
timammmmmm-hz. t mmt-t^mw. 

i imm 7 ] imm i t 1 ^ 6 w ^-jstfetfewn 

9WXfStt, MiBm3W^wy-hmSWWMtfig 



imms ] *mmzmm-m i wxs t . 
m£^*^Jit^- nwrnzmm-hm 2 conn 
t, 

may- h tmmtizm 1 mnmmm-zms cox 

mzm 1 commm±.t,zm2commmi]fM-ttm4 wx 
mt. 

mm 2 commmRummm 1 <^mmmm 
^.y+yrz 1 @^^{±ss@tf ^mi mmcoy-h 
m&z ffM-ri> n 5 wxg t . 

mK^WtJftll l w^M^IJi^ ffM-t S H 6 wxg 

Miam i mnwv- vwmmm-&m2cDwmmiz 
-hmmz3tmt&m7 count, wmtmfcmtz^ 

omWWMZ >tWt WXft? t . litfiam 2 W)f?;|jc 
-f-g>S&9<7)Xgfc, ^#0^i:&!ffSi:i-|»^#:^K 

Miam2w»*^i±, ^vnfy, ^v^/k 

[ff*lll 0] lt*JS8t^iilf*H9^^T, MIE 

at/7 %i<ii. imm'xRV7vm& 

[ff*lll 1 ] IMIIS7W1 OWV^^-tfcV^ 

t. mim7 ^mzmhvy a jLyj-yyxn. u 
mm'zRv? vm%#xRxfo 2 %m^m2 mm 
cry/- hmmm-t& - 1 zmit-r&¥mmw<?) 

immi 2] imiis^i lcou^tifr-iz&u 

mmm9coT.mzmtvy a ^y^y^xn, m 
mm'xRVyvmm*. imm^Rt/y vmm 

^xmsmmcoy- vwmmm-& z. t mmt^ 
h^mkW.com3im» 

imemi 3] mmsnmi 2wu^^-^(ti> 
mmms wxg« , friam 2 mmcoy- h nmm$L 
^-hmim 1 commmRtff- vwmitm&h x 0 
{z^msijtm Y-vyy-th z. t xmv&mmizm 
m2co^mnmm^M-t6 z t mm t -r&¥m& 
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mmmM±iz . n 1 ^ti t . mim 1 <7)wmM^ 

[imii 1 6 ] if^if 1 4 1 fzummn 1 5 icfiut, 
x, frfam3toi^{±, tmm'zm? vmm'z, 

[ft^ii 1 8 ] it w% mm n wnvt^izt5\* 
r, mmmm'Mz. ci 2 , bci 3 , sici 4 , 
cci 4 h mimtztfxx'fc * z. t zmmt -t&*m 

[ If *H 1 9 ] If lfiM 1 vftit^izts \ * 
X, ffiiE? CF 4 , SF 6 , NF 3 *»^>a 

cDmnmcommzm&^-^-ftmj;*)^^-^ 
t . Mian i ^*»HJi ^jets l d D&Mb „ v 

[IMII2 1 ] ff^Jl2 Ofcfcwc, BfflE¥#ttJi<D3g 

[||*II2 2 ] ff*JM2 0 i ^ttlf*ll2 1 Ktsvvc, 
Ml B¥>»#:JI^Mi , MfB^- b t tfflB¥3»ftil 

[IMII2 3 ] ff^Jl2 2 tfc^T, fjfBffi«Oo 



[000 1] 
[0002] 

[00 03 ] K5^X7f^l)l.lWi v M'yf 

j&ztit. -ux\ Y-v>7?tftomi<z\±-?x?xm 

[0 0 04] jfi*^ HMh^yy'X^ (iilT. TFTt 

tfttmizBm&zmmit^m<v-^k%& . * 

Z X~?X7 SrffM L , K 7 A x •/ f - y ^ i:"T"T 
TFT«-3i (M^«'y-h«ffi) ^^^^LT, T 

FT^-e^flfeosp^ mmv-xmrnttzMYvA > 

[0005] ees^w(c^#ft^^fmt-i>^ 
ii. 7^yy?77^«:fc^t, 7^fyy 
x h *^s5r s ^ ^ mm-h <vMi<zmm ti& ? * i- 

[ o o o 6 ] ^»ftJi^»MJi^ffMt-i>tay y 

ft i. ) 1 3m^mj7mtt¥mmz F-ty^ti, 

[00 07 ] 1 5^^Mft7cSSr b'-f y d k 

Tnm^MikmmmztL. i 3^o^m^7cs& 
V-^1S«*4 v^ti h y^ yfi^'ffMSixi. . 

[0008] -JfXTFT^m^-^Z^ymil ( T 

FT^7i{«(;ft^Ml^Sii§t?^: t * 
vu\ *0Hffl»T1ii off fcnf^) TFT coW 

tt^ifttt-SHtc i off ^fl^vh§^^ 



(4) M2 002-8380 5 (P2 0 0 2-8>CA) 



[0009] i of f <ofi£/h3 <-f Sfcfctetay- t-m 

«t07MIIJ(;fi^l>¥W#:Mfc®ltOLDD (Lightly D 
oped Drain ) ffim*Bfcf& - t J&*a£fl£ „ 
[0010] £fcTFTj&TO*9Btf)lS (SP*>, 
fW) fc^*;l^fc*>y h**VT&mi-thk¥ 

b S£ !» ¥>»#:JI fcH 2 10 L D D fl^^ffM-f 5 

toon] %ti"f~hnmb A f-vmm*ftLTm 

(Gate-drain overlapped LDD) ftiti: LTa^tlT^ 

5. 

[0 0 1 2] ^fcGOLDffijiJX LATID (Large- 
tilt-angle implanted drain) ffji, ittilTLDD 

(Inverse T LDD) ffji^i: l/T*>ftl£>*VO^. 
Ts r Mutsuko Hatano, Hajime Akiraoto and Tak 

eshi Sakai, IEDM97 TECHNICAL DIGEST, P 523-526, 199 
7j Tli, y'J^nfMLW Fv^-zMciSG 
OLDfi|3rC2&4#, flfitfOfflJitfOTFTtJt^ **>T 

ffi^dlsff M# £>*uc v ^ c ^figfS $ tiX , 
[0 0 13] 

[fgsj^&LJ: o t-tmmi TFT^fe^ift 
igKHflh^XT^ M/yXh*^^vx^Ji 

[0 0 14] ffrtE7* M^^b^^i^^ 
if, 0 2 , H 2 0fe^(iCF 4 &fc''^M(fft£#Xt 

»:lilS»i JfckWJ^JK, SS^M^to 
[0 0 15] W;ft7tM-yXb^^S7X?J 

[0017] Llttoj; o ¥SttHK£fl=S!-tS±'C 

<omsn, xwaitomsn^i^g^ L^o^^sitn 
[0018] ^-ofcft, ^mimm-th z. t \t¥ 



[ 0 0 1 9 3 ifc, ^fl^fclStt6*lfcTFT<Dft 
tt£#£fcl$t4^ttJifcfcthIEt& l^LD Dffii^U 

jss^-cv^s^aa l< , TFTofft4ii@o-oT" 

Si ft 1 0 f f cofi tA < < -fS - 1 t*S6T& & „ 
[ 0 0 2 0 J *W#cgM^m^ffi<i;(±GOL 
Dft}t£WLT^I,^«L<, ^-MfeSM^^ 
r« fc S5r& i 5 t^EflsJlt JilE^ 2 to L D 

D^^ffM-r h z. k x^^vmm t f w ymm 
h» 

[002 1 ]^, *BJ§ffl«T1i±fES 1 to L D Dftii 

it l 0 f f mm t ms. xiesi 2 to l d d mmz l ov mm 

[00 22 ] Lj&»L, L off fIIifci;^'L 0 „fI^^ 
ft£ H - t° y ^'-f l> £ « ti^ti y t h L h =5: 

toiMSntff 5 xfSStoiMJn^jH t^tw 5 

[00 23 ] L off «JifcL ov ffiJitor B 1tOfiM± 
OLD fflitt0^W#:g«-C1± 7tb^y'XbK^7 

it. 

[0024] \$±mtfri>. Goi.Dim.mmm 

x. vz?mi<nmmv7*hi' t JAhfr$>%i>vA 
9 <nmx<r> v 5 7^*^§ ^iBija t ^ 0 , tmmoM: 

[00 2 5 ] GOLDffi}tO^#:gatOLD 

* h k h frt, & 77, ^ & Ffl l^-f g sSteWfc L 
of f SJSRtX L 0 v ffiJi^ ffM^S - ^'T"^ 

[00 26] dtOTJ&^ffl^^H', 

, vx^ffMco^to h77';L-tte<t-c: t 

**f s 4 . m-ox , *w#;gMtoMit3x h , mmzm 

[0027] 

mwmm.^mmni & gold aet^^js^^iT 

^IkiliLu. L^t, ^toid^L 
DDMJi^ffM^l.^ttLy'xF^t^i.vx^^ffM 
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[0028] GOLDnmco¥mfa%mi,z&iz>¥~h 
mso»±. y- Hmw&mizmA,x'LD dwmcd 

mm^mm F^x-y^yytJ; ox-^-j^Ktini 

XU JnlL^^-bmS^vx^tffl^TiES^W 

L oft ffiimtfKvffl£*B&t&. £iK F-b 
y yf 5 y- F ^ft^'M 0 Sett § «t 

5 £ F-byy-f & £ t T-y- FmSfcS^SWfcJI 

[0 0 29] *f|HJ{^ ^flsJf £78j£-f£3ll Olg 
Si: . fiffEy- biMMftJBLbt^ 1 o#WK£m$-SSI 

3 cox*s t , frtam i commm^zm 2 <&*wR£Bm 

tn 1 co^mmmm^mm-tm e oxg t , 
mam 1 a>?#R£> y- f t*r lt f 7 x ^ y y y 

2 mmcoy- vmm 1 ^xg 

h, mmm2mm<r>y~hmmm^tm2comm 
mizMLxmsmfc f^x yi-yyzm^msmm 

oy- F€«£ffM-f SH8 oxgfc . |trlB^»#;Mic 

m 2 mmmmmm-im 9 cdtm tmt&^m 
mmwmmfcj: o t . Mia^sttgat g an^ 
wt gold amzmm-z zb^wmbtx^h. 
[0030] imxmiizts^x . friam 1 oumjifc 
friBm2to»€M!i, fWft^y/xfy, ?y? 
;K i-?y. ^vyfy^fcomMt^M. tfdi. z 

(Dmm,mbmim2^mwmm^hM^b^t. . 
[0031] ttz. XfEF^x. y yyyt(iS®JSr 

ru rxmm^inzmmx z h x ^ > ygg& 

6 „ *^HM^o»sm i 0 y- Msa«f^ * 
-ftsiissiio^^ rxmrn^^rf & ; t & Jiv^i 

~tZ>ZbtfX%&b^5Zb i^ht^tz . ; ^ rxi* 



^-fts^^rrs y- hms&^-r s - 1 , z. 

[00 32] Sit, *0J*D«^T1i:ffil:X, WmiOtl 

tma) tm/. z^T-^-nm^ix^mtm 
^~n~mibnx/. i—^-mm^Lx^hmft 

[oo33iit irEii 5«xgT-ay- bmsos 
ait 5-6 0 0 cox-^-ft^'ffM^^s 

^x 7 fy^m\ H 1 «f-MI^ML 
[ 0 0 3 4 ] £ tz . ffllBm 7 OXfg-mH 5 t0X|ST"t0 
t F5^x y*y?-th . aw r xij] /h§ < "TS i 

t T-y- h€«^tox-^°-^miimfBm 1 o^to 
y-hmiij: 9 

-b«Si 0 ifI<7)*lv^2^««y-h«fe%M 

[00 3 5] MieS8<OX5g-C(iMIESf 2<03|l|JiB*a 
S? W t F 5 -< x ./ ^- y h . MIBffi 8 ^XSTfff 2 c?) 

^/W) y- b 'Eg« ^ffl^rs m 2 ^^Kt fctts s^; 

<0-r-A-ft«^#<-f5„ ®8<0XigTt±, 
^i:•X.yf-yy§i^^^tft. H 1 ^WlWStJt^ffi2 

<mwmmm<^tzi&^<mm*f- vwmm 

[00 36 ] Tmmmtt&tfi-tliz^j-yv-t'y 
y&£fflv>TV^ . >f *y K-b-yyjSofiUt-Y 
A^ffl^-S ; nTirc*4 . *l6BHf (i^Kft* F 

ty-h«ffiS:-7^^tffl^-C^S. -W^t^*»#; 

c^sft^MSr^-r 5 ^ ^ «\ frtam 6 wx^atm 

IBH9fOX|StfcV^T U y^b^f'tft^S^S 1 5 
^O^M^tc*^ F-ty^Wf J: < , p §W>»#; 
gM*ffMt"l> =2c t H\ mlEII 6 ^XgSW'frfBffi 9 ^ 
xgttsv^TiKny^ift^S^S l 3KWffl7c 
*^F-b°yy-fix(f 

[00 37 ] |rrlE^6 <7)XgT"«m 1 OJ&Koy*- btt 
^ tffl^T ^M^tcS^ F -b y y 5 Z b X 

y- F$e^^}i mn.mi mmmrn te»r s 

4^*Mt® 1 cWWft^JS*^fi£§ tn> „ Miam i ^ 
[0038] friam 9 coxg-ca^ 3 toffmtoy- F € 

ffi<7)d^m2<7)#mil^^x^t;fflv^T^I»7u3l^ F 

-byy-rs z b xm 2 w«ftiijffMt§ . luiE 

m9coimxc) F-by^WJi, m l ^#6^^ 'i 

^tt^^fefri o t^uF-x'M. s^«mj± 

t LT F =7 A x •/ ^ y y ^ ff 3 Z. b X¥m$M\z\m l 
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m 3 b w^Hit l 0 f f mmm&z 

[0 0 39] a±e&mm^h - 1 x\ v-xwm. 
t. y-nmmt. y-hmzzirthGOLDim 

h-?X7<?)2 tkco&Tfo h . *<n o h f- YVm: ffM 
[0040] ±ia^^ffl^T-?.x^fjcic*M'M-fSc: 

[ o o 4 1 ] ttz, iMicommcomnzi, K7^x 7 f 

[0042] ¥#ttl£#jatt4S 1 coxnt , MIB* 
aWMLtK?- Mft»B£JBJfc*4fflf2 OTlfc . lulB 

n ie«±tn i Mt s m 3 ^is 
Miami^»mjiJitm2^mM^ffMi-i.ii4 
conn t , mem 2 mmmmmmm 1 mmmizn 

U^7^x. 7 fy^l0i /i(4M£0m ^ l ^ 

bms^ffM-f &m 5 count . mta^wftJi 
ts& 1 o^M!f«i«&ffM^ s s& 6 conn t . Mian 1 

K^x 7 ^y x^tv ^ 2 commy- h mm 
ititm-t mi count, mmmm^2mmi 
mmzmm-mscoxnt . mm.2cojm.coy~ b 
nmmm-im 1 ^mnmizttixmwmiz x 
•y f - y t 3 to^^o b mm *mm-%> m 9 

m^mzGOLDnmftm~t&z\k£mmtix^ 

4. 

[0043] ±m*mitz&^x . mim 1 commmt 

miM2^mmmii, ^ti^ti^y^xyy. ?y? 
;k y?y, ^vyyyftt'conWA&m, ttdi, z 



commm t mmm 2 vmmmitmi itmt-tz. 
[0044 ] V7-i-^vi-yytziiy7X~?^m(7M 
Atswtjiw^ Tzw±z%&.%i£&'V rxm 

ffffli^R I Ei»^ a 

[ 0 0 4 5 ] ttz . mam 5 connxny- hmm^ 

mz 5-6 0 0 co-r-^-A^^fi£5^S 

^x 7 fy^m\ m 1 N^s^ffM-r 

[0046] mn?M7 coxnxnM 1 ^j^K^y- M: 
mcod-h. m2cr)mmmrM^Kmz^y^yy~th a m 
tarn 7 coxnxn . m 5 coxmx-^ K7^x 7 f - y ^ 

ztti^z <-fhLb xmmm 2 commmmmcoy- 
jt-ftmnmsm 1 mm^y- hmmx 0 < ^ 

ml^02»mJli±{5t^t'X.y^y^$i^^v^ftm 

1 ^wmMJ: 0 i>m 2 commmcote ? ffme>m\> ^2co 

[0047] WM&Mt^ t(i>f ^-y K-h°y 
^"a £ ffl ^ T v ^ „ >f ^ y K - b° y ^fficoffl £ >f * y a 

)mm^x^mmm* v-h-yytt z t x-m 1 com 
WMMi<z{m*i*imMbzm 1 coT4mwmm$L 

■tl . HulSm 1 «^T*fiifM«(±y - & S l ^(4 h v 

Aywmttth* 

[0048] miims<Di:nxnm2com^coy~ vm 
m<ndhm2commmz^x7izm^xTm%7im$: f 
- ty ^ txm 2 ff^tmm&mmri . frtams <o 

F- t°y^fr{4. n 1 «Wiil^lsEU; 

2co^wmmmBm-&. ttz, 7rmmmnm2co 
wmcoy- immco d 1 commmmy-ymm 
£m<omfx¥mikmizv~h°yyzfi&„ 
[0049] mmm9cr)TMxnmmm 1 ^mmm^m 
imuz K7^x 7 fym„si commmjzis v 

(4. m7c0Xfgt4'.Tm2O3»€MtS5:^^^^ 
(7)#€M(4Sffig|5^^Xv^y^$tLffl<^0 . I3«jg 

t«y--MiJMt^ cwm. mi^mmmtm 

m 1 co#«|g^*ffl <^l>^fctJ: 1 9m2 O^MftMJi^ 

-Mnm3com^coy~hm&com9Mzi^mi-i xoiz 
n&9mt,zimtmmizL off w.mt ^ 0 . H3 ^ 

ttO^-b«®fcfi^§W4L 0 ^IJifc^l> o 
[00 50]J3Lh^g*fflV^Tt, 2Kt07;rhVX 

^ftSrcy-^ffiJ^, Ky^yffiJi. L off MJisv'L 
0 „ wmmmtoz^mm t. y-v mmm t y- h 
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[0 0 5 1 ] it, #3fenJi{i, y-h«S<^ria5rffit 

[0052] immm±mfczhtz¥mik 

xh o t , ffiiMxt¥»ftJi£ffM-f s m i com 
t . m^m^m^zmmm^mm-hm 2 «xs t . 
Buiaffi«±t. n 1 owifc . frian 1 <z>s»z> 

§® 2 t commfr hw&z 
mm- § is 3 coxm t^^ztmrnt-ti ^mtm 

[0053] ttz, ±m#%witet5^x . msttzim 

tt&c\tt>W£l\>\ 

[ 0 0 5 4 ] & tz , ±fa*^BJtfcv^T , mtam 1 
-A-jgttfc-tsfcft, tfrfam3oxsii, &stm#x 

7 «/ m^tf^RXf O 2 £ ffl V b" 9 •< x -/ f- y ^Srtr-o 

&y-hmmzftmt&z\tmmtix^z>« 
[ 0 0 5 5 ] , .buy- httffiti, friaffi 1 
Jic^i^fcttSr-^-fcS ( 6 0 • mr. m l< 
(±5° iWl^f-^-M (45 4 -80 

0 ) itmnz^tim2ffmwtbitz^. m2com 
[oo56]^, mmm^yM. ci 2 , b c 

i 3 , Sici 4 , cc i i frt>Ml$tiiztfz'Ci>&. t 

tz, mmy-ym^xi^ cf 4 , sf 6 , nf 3 ^^i 

[ 0 0 5 7 ] XfB^jffit i O^ftSr-^HB 

m 2 ^mia^ £6 b wm&ms. ixxmmm 

CO K-h°y^"^fi^(fgaS^tGO LDffiJgOT F 
[00 58] ^oSfiScii. «^H±fc:jft£§*ifc¥S 

x. luia^-bmsa. m^simJi^TJifcU kfie 



tzm^TmMmicomwmtm^&LDDWMk . y- 

[00 59 ] ±IB«=£^T. 03^«El9fc^L 

i -5 izm^mwm^mmiT-^-ftmxfc&c. t 

[0060] ttz. ±mmmza^x, m3£tznm9 
izmttix 0 izmm^mi^mco^mii. may- hmm 
> mvm<m t nmizm t>titdmmzmbtix \, * 
zztzmmtLx^z. ttz. S3t^aH9t^L 
tz x 0 izmmmmco 5 *» . y~ v mm^imi . 

[0061] 

BM ^ J±v K ^iKfrofc . El l -4 ^ ffl^Tlil 

>7XT>*±Mt L?zy- hvmm*Miztmt& 

jbK zwy-hmmtzmfcZtii*. ?y?x^>, ?y 

BKmm^b^tz£ikrm%mtRixmmtiiix 

[0062] *^BJT{4, X >y f-y^^mt I C P (In 
ductively Coupled Plasma) ?5X*?%&M&ftt& 

[00 63 ] (HH1 ) ^-f. XIBICP^K^-Yx 

7fy/itJffl^t^y^fy (w) mRVWft.? 
>?)l (TaN) lJx.yfy^'L^«S(:o 

[0064] lCPMF7^x 7 fy^l»^ 

f»X.yf y/t^fc*SA-7^-^-t I C 
P^TJ. A'^T^tA, X-y^y^^WS-J±7j&V 

[00 6 5] 
[SI] 
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yT>imm&?--y7i±m# 1 1 3 immMzxnv 

^ 'J y^'ttWK 4 0 0 n m|)|,l^T a NM 3 0 
0 nmfiScdU 7t M/yX h^t'iZX h )I;l&7l») 

cox. . y ^-y ^MfcgfcgfflSSBfcTfflSg U k S ^x 
■y^y^Ps^x-y^y^V-h^gaiLfc, J£$£ 
H 1 &V0 1 t^rf. 

[0 0 6 7] UlTIi, I CPfj]j5 OOWfc U f- 
^y^'-JI^S: 1 . 0 P a?H5£U TXWlRtf 

[ 0 0 6 8 ] ^ 1 M/0 1(A) iiWHox -y ^-y^V 

smuz-ttzk T-wM^x -vi-yyu-b pmm ix 

[0 0 6 9] fil&tfHl (B)iiTaNJlOX 

jjrf r - * TJ> 6 . Jif BW^OX y^y^U-btrnm 

b tiiSfiirr 5 £\ ffiJJW'X £ £ fc T'X „ 

[0 0 7 0] m<9T-*£ifcfcTaNjR£*f"t£W 
IMfKlt (Wlx 7 fy/l/-b};TaNlX7fy 
^Ix-h^Jrb) Sl&tfHl (C) t^t 

i 0 izmmxizmmmmnztix^^mxii 1 

fcilfKib^x -y ^y^#xt^3i£»t£ 

- fc T"ft* 1 3. 6 9 5 i XMM*t& £ fc tf*b*»o fc . 
[0 0 7 1 ] (US 2) <I<afga£«iaE-rSfcftt. 

twM^)£MLT»iiSiifc itzyyTJizmiz^-t 
mw>*frt>mitiL. mmz^v+yytft-oiz. x-y 

[0 0 7 2] 02(4. 3-xy/tl#1737^7^ 



*Wcy»J=jy^±^fc-n>l6»^fiScMt. 

i ois*fbsnfc^u 3^2 0 1 

LT 5 5 nmm^XfM^X^ 

&m<rzMzftw*i tfc i> y>-ei&sft -rsi,0-c 
[0073] mimmm±<vmimk¥mfam$:mo «t 
[0074] ffliey- nmmnzm 1 o*nt)ifc 

TaNH^3 0nmc?)J¥§T-ffMt, ZblZtiHEMlO 
SmH±^2^«Mfc^SWJK^3 7 0 nm^)Ji$ 

MSSW)-?*? 2 0 2 SrffMLfc, 

[007 5]Sltti^T*ff7 (ICPt^^500 

w. vswrxm^j^i sow, ^yA-j±^£i. o 

Pat«. X/'X(iCl 2 . CP 4 MO^ffflf|,, 
//X^)iiTL^(v±'cii'cii(: 1 . i 2 5 s c c m, CF 4 &2 
5 s c cm. O z ?:10sc cmt'l)^ ) £fflWC£ 

2^mmm^miKmzzc- y ry^Ltzc7)m2 u> t 

[0076] ifc, S2 (b) n&frnz&iowmzm 
m^zz^-yi-y^Ltzmmmnxmi^^i ( ic 

Pm*^5 0 0W. A^7xm7j£2 0W. ^yA- 
OPahL./ifXliC^. CF ( JW 
^<OaUI(iC 1 2 ^3 0 s c cm, CF 4 J30 s 
ccmtW. ) ^ffl^tWlM'TaNl^X 7 fy 

y Lttfk<?) y- b mm^MMxh h . 

[ 0 0 7 7 ] 02 ( A ) T1±. W|i'*f-^ v ftl2 6 
• ^-r-^-Jgtt^^rt. ^Sa52 0 3^Vy'Xf7 
^^#Hfc7 0 0-8 0 0 nmUmi^XXH^ , 
Stt^(7)^HIt(±TaNJl2 0 4^X.y^y^'§il-f 

ty- h *ft«!!Lht:«o T i ^ Wifitotpl . 

[00 78] 02 (B) (4. TaN)iaW'WM^^]B§t; 
x .y ^y^' LTfc 0 , r-^°-^«owjgc?)^HBItS-5 
TV^fcT a NMtt^^X y*yf%tlX\,*&. 

[ 0 0 7 9 ] H 1 T"*fe ttlfcWMfc TaHy)jlfKlbS: 
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m^tiTyyuThmsRmtzx. - v ^y^x% h z 
ktrnwczti. tfz.mmi; &t/mm2xwm^ 

K izmmmth i z t ^ht^tz . 

[0080] mm3)mz, wiwx-yfy/cisf 

-^-nmmMLti. a--y^±w# 1737*7 

±t;WJi£4 0 0 nmj£)lU ft^?* M^X b^ 
OB§. 7^b^^'XbSgPt(±6 0 o O^-^-^S^' 

mxWRfr $> coMmmm % m taw- & t 

wtwiwx v f - y LT jlfKtt^'fc 5 i m: 

umtitmtfA % m 0 mx x -y * > ^ l , »ffi^«sr 

SEM (Scanning Electron Microscopy) ^TtMLr 

[ 0 0 8 2 ] ft 1 Mm 1(D) mgs^^-fo 7 
xmn?5 0-25 ow^rat-tiJn^-l. fcwm^f-^ 

Xt*^2 0W«i|lif-^-M7 0-8 0 t 

[0083] 3fc^6BH(i. b«ffi£l& 1 «o#wi!W>& 
hnm%.m%y-hnmcD_ti l z&i$ l ztLtim2 
mmm^^iy~hmm<D2mmmti. b^x 

•y f - y tt S teffltf* * SWt h z b xm 2 

b «S*SB?Wtx fy/'fS ^ t , 
six F7^i7 f- y ^ttsv >t»Ji: t rxi 
j±£ig±$-£§/sw r*^j£ffiWf 5 ztx-y- bm 

cvgrnrnvb o , y- bmmmm smzmn i , 

bWMHiSL L off ^J^tt/L ov ^^*-rs 
LDDf?iifc^M^£b-t°y^U V-X1S8L HP 

[0084] mmmm)^mz^ y~ vwm-n^ 
m$it^mmmx%m3mv^xmzmm. mm 
2Rv:mm3co^^mmixmmjzy~bmm^x 

xf?ii, b'Wyftii. L ov ^aVL off M«^ifi 

[0 0 8 5] £1\ mTtoJ; a^y7°;b£fflE^S 0 

W<rzMz^Vaylt±f&ftki-&WBm2 0 2$:B$L 

-rt> . mzmmzBtftztLtz^mfam 303 k zkzw 
did wmztLizm i mm^y~bmmm3 o a a 



[0086] i»y y/MiJg l to*»€Jl fc &s t a n 

M30n miO)SJ¥T« t . fffEU 1 0«H§|±fcli 
20^mHt^SWH^3 7 0 nm«iftXA"7 7 , (: 

[0087]Sl«F7^x 7 fymi (03 
(A) ) X7f^'lWlCPl^J5 0 0W, ;\*>f 
7X^tl£ 1 5 0W. ^yA'-j±7^ 1 ■ OPat 

-etL^'iXC 1 2 ^2 5 s c cm, CF 4 ^25sccm, 
O 2 H0sccmtf^ ^WXyfy^Mliil 

t^tt7<7)^frtS>0. wmiz^-^-nm2 6° <n 

t-A-ft^i^ts * t , t a n jit^trs 
wmmsmmi. 5x%h, z.z.x\±, 

ffl^TWH^il^tK7^x>y^y^YS 0 ^fc. x 
7 f y /T1i7"7Xv«M5tSJ t x^ y y?"u w 
Jl^ox - y y ^#sm££1*ifj-f £ . 

[oo88] nTjstftffi^, xvi-yma&:£tfmL 

o (^-A-i y fy / '^ffo 

*\ ^S#r B 1C0^-A-X y ^V^t i D T a Njft&9ftPl J 

(ixyfy^fitll: a^)tl»Otft. iiTlil o 

>y ^y ^'Srfi 1 ^ . 
[0 089] JjeSKOK^^Xy^y^tiO, ^2 
^€HT*I.WM{±2 6 0 (7)r-^-ftJK*^rrsSI 
l<^Kwy-MKffi (®2<7)#«ii) 3 0 6A^=Sr 

0 , » 1 <0W«]R-Cfc STa N^(±^-A'-X .y ^y^ 
tCiO 1 3-14nmX.y^y?"$ti£^S^MLT 
^fflt^oTV^mifc^O. ffil^«JK3 0 5At 

[00 90 ] ifz. ±IB®l«K7^x-y^y^'(ix-y 
f>y*"x(;c 1 2 , B C 1 3 . S i C 1 4 , C C 1 4 &fe" 

[00 9 1 ] Xt0t§, ^-MfiSM3 0 4A(i, Ta 
Nlii'X b -y^-^fftf'J^^S^fcX.y^y^"^^ 

[00 92] ^ftT7=rbPy'Xb^^^, ^2t0 

P5-fivfymo. x.y^y^Wtt i c pflyji 

A'^frxttTJ^ 2 0W. f-^yAHEfifc 

1 . OPatU *X(iC l 2 S^CF 4 ^L/i, # 
^sSfi-efL-f^C 1 2 &3 0 s c cm, CF 4 ^30 s 

ccmiU. l t^tfc l em^Xh 0 . w 

m&UT a NM(i(5(i'|si tx -y i-yyu- b Tx -y ^y 

7%tl. M 2 VffiW)*r— hmffi 3 0 5 B , 306Bfc 

[00 93 ] i/i. i2£?)F7^fx 7 fy^l, Ta 
N|gco:fr-A-x .y^y^'B#fc^ i o^toy- MgS 
H(±13. 8-2 5. 8nmg|Sx.yf-y^$^ H2 

<nm&7- b mmm 3 0 4 b t % s „ 
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[0 0 94] ttz, ^2C0K7-fX-y^y^(4X.y^y 
?#X{ZC 1 2 , B C 1 3 , S i C 1 4 , CC1 t %£0M 
CF 4 , SF 6 , NF 3 ^{:'«77iM^S 

[oo9 5] mz^ ?* his mi<^> 

h~¥>7$:ftVK ¥m{bM3 0 3lZV~xmM&Zfh 

v a v*m&T8&$h . - Tii n m^mikmz mm- 

htzWVi . 5 X 1 0 15 atoms/cm 2 . JdS 

mils okv-ch'-ty^Lfc. vytfh-vyfZii 
t^m^m^inm^v-xmmRUhh-A ym&3o 
smm^tih. (H3 (b) ) 

[0 0 9 6] 7*hVisXh*fe&tf, m3CO 

VJ42.>y?'>7£ffo. (03 (C) ) 7thh : JX 
h3 0 7A(±®2«K5^X-y^y^tJ; 0H2OJg^ 
«07*M^^h3 0 7Bfc4oTV^S. m3C0h7A 

x 7 fy^i7fy?lffli i c pi^£ 5 o ow s 

^^rxtj]^2 0W, ft>A-E1]Jl. OPafc 

L/to #*iic i 2 at^cF 4 *ffifflL^. tf^asii-e 

fbftlC 1 2 3 0 s c cm, CF,BOsccma 

[0 0 9 7] ^«OS53«Oh*5-fx-y^y^tJ:0WJS& 
T a NjRti£fcX >y if^?* § . _hIBm 1 &tf 31 2 

^-iSttgf 3 co b 5>f x yf-y^t i 0 . i 

jtt&^Ty-b«Dtii£*H<& , 5\ mmmny 

-MKflE3 0 5C, 3 0 6C^'ffM§ill>. 
[0 0 98] ,I<7)gg3<7) b^X-y^^H. H2C0 

fft^y-'-hti 3 o 5 b t m&t>%\>&2 mmcoy 

mmW- MIS^x>y^y?-§tn: , H3c^#o 



y- b*^t ittfflK t Lfctfv >7°5Xvfci»$ 
tn. y- h immmxizx. -y f - y 
«£*-r s n 3 ^K«oy- h ffiUM 3 o 4 c 

til. m3CDh?A ^vi->7'1tfto ZkT 

[00 99 ] iJt. !3(?)F7^x7fy^x7fy 
yyfx\,zc 1 2 , b c 1 3 . s i c 1 4 . cci 4 

S^X. CF 4l SF 6 , NF 3 ^{;'«77lMXS 

[0 100] Srts, IS3<^l«5>fx.yf-y^l6, WJH 
SV'T a N fflt^x .y f - y ax \Z S F 6 SrfflU £ 

, y- h mmztt lt^v ^gsm £#s ; t 
[oioi] #30)1*54 3Lvi-y?Timi-&tfxiz 

SF 6 £fflW&%£, Witf, ICPm71&50 0W, 

AWrxi^^i ow. ^-w^'HI^i . 3Pat 
LT. Cl 2 Sif'SF 6 Jx 7 fym(;ffl^, 
fi£^fl-?tlC 1 2 2r 2 0 s c cm s SF 6 £40scc 
mhtS, ^COt ^W^X.yf~y^V-h{±l 2 9. 
5 n m/m in. ifcy- MfeHftJiS^X >y f-y^U- b 
til 4. Onm/mint^l y-MSilWS 

wjs<oas?jtii9. 6ifc$rs. ;o^m;TfriBm3 

CO b 9 >f X -y f-y y £ff a b . y- b ttttllBf * 5nmg 
SL^xvfy^^M^. 

[0 102] lfc*y C 1 2 &V'SF 6 , fcSV^iC 1,, 

i0 2 §L TaNffl^x^yyu-b£gwrS£» 

[ 0 10 3] 
[*2] 
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■§Xy5 1 >^#t*ltS^>^^> (W) . y-HfifiW (GI), 
S{fc*>*Jl< (TaN) ©X>yf>if^h (E. R. ) £J;OWit 
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[0 104] ®3<0H5>fXyf-y^fiffl-tS^ 
fc, C l 2 &rjfSF 6 , fo&\\\$C 1 2 , SF 6 &tf0 2 £ 

[0105] <k^X\ 7tbWy'X hZ&M-f. %A 
OF5^X 7 fymi (03 (D) ) 7t 

vwxy 3 o i mtw^icw? 4 ^vj-y-rizkiom 
mmn im 3 mm 3 0 7 c ^ ix ^* . t&4 <n f 

5^x 7 fy^x 7 fy7Mlii cptj]^ 5 oo 
W, JUTZmiJ$:20W^ -f^yj^-m^i. OP 
aa, ®mxi±c 1 2 , CF 4 , o 2 tu t tfxm 

MJi^tL-ftlC 1 2 £2 5 s c cm, CF 4 £25scc 
m, 0 2 £ 1 0 s c cmt L£ 0 
[0 10 6] ;^4^r-'7^Xyfy^tJ;D, 

rxm* £ 2 o w th ; t -cm 3 coj^kcd^— n ms 

(WJK) Oi»^fc7^&7 0< 
ItOf-MI 3 0 6 D . H40h'7^x 

bms 3 o 6 d ^th%A <?ymm*f- vw&mfc 

[0 10 7] ttz. ;ol40F7^x 7 fy/Ci: 

o . n 3 mm?) y- v wm^m^mwrnz^ ~, + > 
SSW'ltffrf £ o l4?)F7 y fx7 fy^wx v f- y 

t o 2 £ gap l fcfc * t h m&corm tatt & 

0. 6 7nm/mintJ)l 1 24. 6 2nm/min 



OX-y^y?V-h£*T^WJIWb^TS^46, (5 

[0 108] 8f4£>T*9 '>fx 7 fy/(;j:0 , 
H4 ffjftjiftff)?— h«flK)TJitlft(t ^iXT ^4TaN 
§1(2. H3^K«y-MWE^ffifc|B|l:K^t. * 

3 0 5D^ffM$ill>o 

[0 109] ifc, g4«H7^x 7 fy^ix 7 fy 
y/M ■:.:<• 1 2 „ B C 1 3 . SiCl 4 , CCl ,^t'«S 

CF 4 , SF 6 , NF 3 5r^7 7 fM^ 

[0110] !4»F7^x 7 fy^|, H3 

y-M6gii3 04C(i. m=F^vi-y^tixm4cD 
mm?- vwrnm o 4d^m§m „ 

[0111] %3-m%±W3 A 

JIii5 7-7 3 nmgjffiXv if-y^fu S&l~S&4c?) 
h* 7 >f x -y f- y ^fc i 0 h ffi§M(i:ft7\ 8 8 n m|S 

[0112] fcfc'U f&2. S3M$4^x 7 fy 
7\ # til 3 ox >y f - y utx 7 fymt s 

F 6 £ffl^fc«£. y-M!lI!ii*2 0nmSSL 
^X>yf-y^'$^V^ 

[0113] ULh. UK £3&tP®4tf>K5>f 

x -y i- y ^ j; o , h mm 3 o 5 d b mm 3 

0 6DJ; 0 HP*>7^Ut§ 
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mi.m4 rnwyf- y mm 3 0 4 d iumzy- 
Mi(TaNi) tm&zimcmiv>mz* : &t& 
m 1 <?>*r-ywm3 0 9 fc . mmm 1 y- hnm<m 
mizm2com2z&t&f&2coy-hiffl&3 lot, 

huIE® 1 Ofliifc lulBH 2 Ofiii«^ 1 Off § 
Sl2 0J¥£^»f !>Sl3 0^-BfilS§l3 llfc.fi! 

ill, Bffiami«oy*-b«ssiS3 0 9ort, ifriam4o 

&RV>?-hm 3 0 6 D fc fi&SIM <7)^- M&tllg 
[0 114] fffBilK H2. ^3&t/®4<DH 

wtw-mtfi < . $ 3 &VH4 o k 5>r x v rvv 
^uxm-^^y^-x^m^m-t ztizx *) 

[0115] ±fa£4 <T> Y 5 A x >y y ^i!7 L 6 
fc^?3 0 7D£^i^-|, o RIEM« 

[0 1 l 6] ijctjS4<^K^y-h«tt*^^t:ffl 
vvtig2ob*-t-y^£^¥#ttjf 3 o 3tiES£ 

W£LDD<B#fc££nS¥a*#:Jl£^Jfcf£. (03 
(E) ) ;iTfcffiS±. ml SIS 1 —W> 4 toy— h IftSt 
JKt=*5 (t £ 4 mm&z.ftfc IX , 3 0 3 1 i 

[ o 1 1 7 ] sb i oy- hffimnmmm&&m»# 
mzmi<&mibm3 1 3fc u S3«^-f«i« 

1I$fcS&S^ttJl£m3 WSW13 1 4fc fc. fil 

4 coy- v mmmcDwm tmtci ^m^m £ m 4 co^m 

ftcJf 3 1 5fc-fS„ ;^T'H4^»#;M3 1 5(i^ 
fc 5r 0 , ±z»#=*± # o n <omi l zWfitii s ffiti& 

[0118] tztziv-xmmfo&vuvi/j >WM3 

0 s am 2 coy- h mmmiz-m- h coxm 2 commit 

M3 0 8kLX^C0ttm^&, 

[0119] c\cDm. y~hn^3 0 5 DRi/mieyy 
- nmm3 0 9 ^i-ot^mw>i 1 <7)¥m#m 3 1 
3 1 h'-ty^SfU «t 5 t-r 5 ; fc j^agT&S . 
[0 12 0] K-^bKU y^ffl^T. K-fc°y^ 
ft £ H -XM. 3. 5 X 1 0 1 2 atoms/cm 2 . 9 
0kVfctS;tt^lc?)fiftl3 1 3&^H30¥ 

& & i w w ymm 3 o 8 x 9 *> ^iwis^ffii •> n 

S^LDD|BJ$£»f& 0 

[0121] fmLDDffi&iz&^xmi&pmms 

1 3(±^-bffiS8i3 0 9SrK/vt"y-l-ttfI3 0 5D 



fc*5roT^|,3t«>L 0V ^fc^S. 
[0 122] |S2c J )b'-t°y^I;i94^#:ii3 1 3*> 
t> 3 1 5RX/3 0 8(HllfMSilS«I^Sfi 
frl fc & 0 . <- W^iiffif i V - f< U f > 

f«3 0 8fci5(tSfi#l#S< , ±^*/HS«3 1 5 
fci5JtSfi#l#ffi< . L 0ff M83 1 4^(tl>ffit 
Jt<L 0 „fi«3 1 3tfc(t-g>ffl^»^fc^ff®fc 
•ft. 

[0123] L off mmt,ztkKL 0 jmcoTmmm< 

fi< ; JSOll L off f(J$3 14&VL 0U fI«3 1 3^ 

iim^±Ji test § ust^ ^ nmmm* i 
frt>xfoh« ^mfaM^zBtfiztitM^mirx* 
wfam^mm K-ey^-rs*^ ±«#;Ji±ojP! 

l¥^§W#l£§ fc ±«frJIti'J}i-f Wffii^ll* 
[0 124] L off fI«3 1 4tO±Jlfci2. UBS 1(0 

^ m 2 ^ j? 5 ^ fc ft l t i > s in 3 ^ y- h ffig 

Jg3 1 l*%M§tLT^I> 0 

[0125]-J, L 0 „ffiii3 1 3 0±iltttf[ISmi 

<ojP5**-r s»i^y-hiMSi»ji!i3 o 9tfmmivz 

is 0 , KFISS l o^- Me»B!Lht;(±SI4 
[0126] Z\C0M. 4^%m7tmcDV-'t°>7'$:ft^tz 

< % o . L of fffimiz&KLvjm^Tmmmtfi&K 

[0127] ±iS*^M^!BT{i^- MBffit 2 Jlfc 
fc. y-Mgfii (WH) «26-70* Or-^° 

ttixmumzy-hmm (wjr) ^x-y^y^'t-s; 

fc^Sfc fcty-b€S^gft^J0Xfcfc o ^fcTM 

lay- M«i:7x^tffl^T«ftj K-ey^-ts 
v4>mm. L ov m.mRVL on w.m$:Bi$Li. gol 

Dflm«0 n I^iftilJffMtS ; fc fc „ 

[ o 1 2 8 ] ± fc. ±iB*Mto^«jT"y- vnmz~? 
■t & l d d gag* je&£ tfc*\ nigt^^a&fm 

LDDH. L off 4fRy'L ov lffcBf^) ^'^#:gMO 
mnz&WLX<&, -ffcT. ^0*»#cgM0ffifflS 

WtiOfTKLDD^ L off ^&V'L ov ^Oft}l^ 
§l±#t&£ 0 Sitrn^xrfc^MIELDD^. L off 

j€swl ou 4|o4|§ ^ mmx^ h z\bimt^ixh „ 

[0 129] ;;t*Btf@3£fflVvCLDD^$, L 
of f S«RtfL 0 w MJi^ffM § til> ttffl^^ IM^ !> . 
[0130] M3 (B) iO. LDD^(i^20b'7-f 

^^yffckm^Kt^mwt^-fhy-y 

€«305B&tX306 BWP-y'X b^HMWiM^I> 
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(C) iO, L 0ff j|(J;il3OF74"x-yiJ-y^fcJ;>9 
"r~hVM3 0 5 B^f-^l^frfaKxyf-y^Sft 
fc^St-RL, *fcH3 (C) ±9, L 0 „J|«JfI4<7) 
h* 7 >f x v f - y t i 0 h €H 3 0 6 B cofr&mR. 

[0131] OLD D^£SWt& t(±m 1 S^H 

nm3cDV7j^vi->7iz£z,y~hmm (TaN 
m ) ox v i-y ymt%b-hz. ^^yymmmm-tti 

fci&y-bmai (wig) »x7fym^tx 7 
f-y 7'B#fU£ffl» tiilf i i ^ „ 

[0 13 2] ^:t"SlMl2«F7^x 7 fy^: 
J; 0 # £> ii£ h 16«f^ £2 6° t L 
T , m 3 O K ? A x . y ^y nz&tf&x. -y f - y 
^BSO £ H 9 L of f g&tf L 0 v £ £ as 

U H3fcifcft/y 

[0 133] 

[H3] 





A 


B 


C 




40 
40 


50 
30 


60 
20 


LDDfi[nm] 


180 
780 
960 


320 
620 
940 


480 
420 
900 



[ o i 3 4 ] , i ^swtflsa^&s 

h ms&vm 2 o*m^ ^ & h y- h mmcomco^ 

ff«4 0 0nmT\ LDDfgJ&^(±8 2 0 nm&gfcS: 
5 # , SUSKJiSS 3 &VB4 OF^X 7 f-y^t i 4 

y yx h vx ;«ft^;HJfr\«x - y f-y-fte i. ~> 

T, 5ttl00nmgei<%§, 
[0135] Jg3M^4 0Xy^y^r B l£^lf 8 0 
sect LT3*#tTL off ^S.VL oy ^COfW^ff 
o/it;6!3«x -y -f y 7$jm*ma LH4 ox .y f- 

o.I^KiS; t»rc^7ty L off Mi/L 0V I 

(2LDD^£&*i:U ^3&tM40F7^X 7 fy 
[0 13 6] (mffiffl) 

z?mL£xnmmfpm¥m#mt:iiL. tft^ 
[0137] ^mmMx-n^'jiy^iyy-tWitfy^ 

7 3 7#7Xit5 0 1 fcffl^fc. ffifci^iM^y 



[0 138] SK5 0 lOTFT^ghrSffifcTiffill 
5 0 2 £«f £ . diliiaS 5 0 1 ^O^fffijOjg 
ffcSrBKtm*, ffiHfcyy^yfl!. Ifty'J^I^l 

ftMftv 'j n > y a > z±mt i tzmmz 
^rr sKr&tuf . c v d h t < ax^ >y 

xnTi&mte2mnmtitz, 

[0 139] lJiao£fiiill5 0 2 aj7"7X?CVD 
ffitiOtiO, SiH 4 , NH 8 , &tfN 2 0£KJE# 
XtLT)£§l$tll.lHRMkyy3yJS|£l 0-2 0 0 
run ( if 4 L < (i 5 0 - 1 0 0 n m ) ffMfl, . #Hfifc 

MT'tt l if a OTittJPI 5 0 2 a Sr mimity U 3 yjg 
(ffljSJtS i =3 2%, 0=27%, N = 24%, H = 

17%) fcU 5 0nmfi£J8Lfc. 
[0140] mz. 2JiaOTffiM5 0 2b £fiS» 
77X'?CVD$l;lt)S i H 4 &tfN 2 0£KjE# 

Xfc LTEJcMSfL SIHtg^y 'J=?yS|502b£50 

-2 0 0nm (»4L<iil 0 0 1 5 0 nm ) Off 
*^SSMf (iJiSJJ 1 0 0 nm« 

S^yj3y^502 b («ibSi=3 2%, 0=5 

9%, N=7%, H=2%) ^ffML^o 
[0141] MlfX. T«5 0 2±t^#:Jl5 0 3 

~5 0 7£«f§. 4m**M5 0 3-5 0 7(±T5X 

Sifcfcri 0^fl«« ^ifeftfkt, ^^--y^'i^^ 

!£-CftK«0^»fMI*^-fS. ¥»#:ii{i2 5-8 0 
n m (ift I < « 3 0 - 6 0 n m ) Off§ T tTM^S . 
^ot ^^»f*o»4t(±y U n y^y y u y^v- 
^ A^r fo-£A£ ^C«§^S o^v \ 

[0142] *mm?i±. 7"7X7CVDSti 0# 

mmm&wy y 3 y^tf^s^ „ ; o# H a H ^y 

'Jnyu 5 0 ox:t JnfftLfciFtT 1 B#r H 1^fflLM 

*3l^ffV\ ^Of£fJO&8£±#U 5 5 0-CtT 

-r - -^sra <Hf o Tfe^y y 3 ym^nmttz „ 
[0143] ^B^yyrjyu^ffMt-s^. 1 

^B<7)T*IS5 0 2 a fc 2JfgOTifiM5 0 2b 

5 0 3-5 0 70^ffit^iffl^rt"t iS^*B& 
<-/ifetTffiM5 0 2 b i; |SM(-^ yK-S rciiESP 

mtitzj-mmzm&ixMnj-^y^-izxjzmzm 

[oi44] ^o^ H H B wy y ^ yM^ 7 * h y y y 
4 - 1 i 0 «£^=SrgE9> ^ ?x ^ t , F 9 >f x -y f - y ^ t 
Tlb«O^»#cJl5 0 3-5 0 7£ffML/-y Hx-Yx 

v^-y^ttc f 4 ^(±ttofct-|>7 7il^Mo 2 
^ 7° n-tx^x tffl^ h z\ k xy * y y y'x h -fit; 



(14) 120 02-8380 5 ( P 2 0 0 2 - 8S mi 



mum y y a yn£x . y i-yy-f t z b x^my u 3 

<0ft<0 b IMiJl WiP B 1fMiJl^M=fc ft S # A 

X-yfymy^-MH. 3 Pa. 0 
OWi; U 7°n-tX^X^0 2 = 4 5 s c cm. CF 4 = 
5 0 s c c mSKA-tS - t T"ISh h h ^^ U 3 yl^x >y f- 
y?"U SCf-A-M2 2-3 8' cOt-^HB 
SliM^ U 3y§^%l>¥>»Wi5 0 3-5 

[0 14 5] ¥#ttJf5 0 3--5 0 7fc:i>VvC(iTFT 

Sr^JnLTiS^, *HJ6^jT(4Wf*:ii 5 0 3-50 
7 0)£ffiiZ$V y£V -XM. 5 X 1 0 1 3 atoms/cm 2 , M 
mmj±% 3 0 k V«0*frTK-ty^*fiofc. 
[0 14 6] y-MMJ!5 0 8i±^JjWl5 0 3-5 

0 7 t«a i o t LTffi«±^JFM§iil> . h*6 
SMS 5 0 8 l^7X7CV DSjifctt* ^ v 
ftltfD^ffifcfflVve , 40 — 1 SOnmOJfST'ffM-f 

5 0 ^'-h^^^div-U ny^ifrh bfclJHfc 

1 5 n mc^JJS^ltffcSftS' U 3 yfl* ( ffl&JtS i = 3 
2%, 0=59%, N = 7%, H = 2%)t«U. 

[0 14 7] ttz. ifty'Jnyl^v^^r, 
XvCVDStiDTEOS (Tetraethyl Orthosilica 
te) 0 2 b %MiiL, RJtBJ±^4 0 P a , £8aB&3 

0 0-4 0 0°Ci:U mfflfc (13. 56MHz)l^ 
gSO. 5-0. 8W/cm2T'-Km$-£TffM§-t!:§; 
i: #T # 5 . ; O J: o {z LXimZ tih SKfc>- 9 3 yjg 

li, *<o»4 o 0-5 o o°ccomr-~Mzx i iy~h 
tmmt ixmwmm&zbtfxz h . 

[0 148];«:, y-M^J!5 0 8JitmiOWm 

si5 0 9fc, ^2owm^5 iojfM«. 

^hWAXfoh z b mit 

[0149] mien i commm5 o 9&^2^2»mn 

5 1 o(±. &<7)xnizx vf-hnmRvy-hsmt 

1 x mmti , *%mz?- i- mm 2 - 1 £ 

-bmS«2 0-l OOnmOMJJ^IrL. JJf<7)||2 
OWm)l5 1 0*>t=5:Sy-b«Stil 0 0-4 0 On 



mon/?& wlt u& y~ hnmx$) h . 

[0150] *§6StWTJ;L H 1 T a N £® 

U\ ^7^tT3 0nmEIUy W,20MWk5 
1 0ttmi^€M5 0 9&^L^^t^t^t 

{zwt^-y^ v^Lxv^^m. hh\ m m<r> 
fm^y^~mLxu&mwxmmmz$Lm-t&z 
timtu\ m-$imzx±mzmztiz>zt%<m 
frc«$ tit ztizi. on ^wmnfc n 2 owmm 

[0151] ^2«»€)15 locii^y^fy 

(W) £jgtf. |5|«tX7^y^&tT3 70 nm^L 

t ix-§ «. . tdttf- hmmt ixmm& Miwm 

<QmmZ2 0jJLQcm&TlZi-&Ztim£L\ l \ * 
«^C1 MS 9 9. 9 9 9 9 °o & tzli 9 9 . 9 9 %y> 

^)flffi?)iSAA ; yi .J; o(c I ■ '/rMtii- L T IKK L tz z. 
b t «fc 9 , fiK^9- 2 0/i£]c m^Hil-f-i. £ t ^"C 

[0 152] 7*MJy^57-f-tJ:SU^ 

bvx^ =& fflv ^Tiuiam i ^3»*jRat/S5 2 

f 7 a x -y ^-yy ix y- hvmmfy- v m&mtfL 

ts t m2<7)mv$&±.i<z]/i;xh~?x7 5 1 1—5 1 7 

[0 1 53] *IQ!M^£^T, y-MKffic?)H9>fx 
yf-y^tlil CP (InductivelyCoupled Plasma) yY 

^cor ^xv^jgsrjfsi-r s k ? a x >y ?• y^gg* 

mtti . h 3 F7^x 7 *yy®& y- h mm 
305, y~ hw&3 0 6 , miy- vtmm3 0 4 . 

y*vv yx ]- 3 0 7 ^pfflt^t", 

f - > y"lST1±|tjf 2 y)»mM 3 0 6 A £ StfKS^x 

•y i^y?" l. hi co^^^rts y-mm 3 0 5 a& 
t/y— msk, h€g3 0 o pjmy- vmbzb 
&t&. zzxw3iztey-hnm<7)&$:m^i. y- 
hmmzmix^mTjkL^K 

[0154] *HSSM-Ci±, K7>f i7fV/*ttf I 
CPij]J 5 0 OW. sUTXMtst: 1 5 OW. x-yf- 

y^-v yrt—EJji 1 ■ OPatu rn-tx^xt; 

Cl 2 , CF ( W'0 2 ^i*. ^'X^itt^^'^lC 
l 2 S:25sccm. CF,^25sccm, 0 2 J 10 
s c c mfc 

[0155] s/i, m2(z>mmmxhh^y 
^xyy^mmm^vi-yyL. ^mmiziiT-j^ 

xizo^A^x \^tzb x^y^xyycoz. y -fy? 

U-h **±# L T a N IOX .y f - y ^'V- h tffi&*th 
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A TXWlJi 1 5 0 Wtl&t-t 1 1 b -Z'T-^-ftmcr) 

[0 15 6] ifc, Hl^K^x-y^y^'Jix-y^y 
ytfXlZC 1 2 , B C 1 3 , SiCl,, CC1 4 =5ri: OiS 
CF 4l SF 6 . NF 3 ^fc"«7-y3S^XS 

[0 15 7] y-f-t«3 0 5A(±^-b^«3 0 6A 
^-^-Xyfy/KJ: 0 13-14 nmgJSx.y^- 

y tih mrzw®£mz.w> x \ > s fc#>-e«oTJifc: 

MfiMix - y ^-y^Sfun: 3 0 4 At; 
[0 158] liftTfil 2 ^X^x>y^y ?xOS£-fr 

^yA-trca&HfcfUHra^. 
[0 15 9] K7^x>y^y?l;&(t£7°n^x#x& 
Tn-fex&fNoSSSl;: «fc Off^y- h«S ( T a N 

JI) at/y-MKffi (WHS) J^tx-yfy^L, $ 

2(0^**1- S^-MWS3 0 5 B&t^y-h«S3 
0 6 B . *HtfcW?(i I C Pm^l^ 5 0 0 

w. AMrxtt7j£-2 ow. x-yfy^ftyA'-ffj] 

Sri. OPafcU TntX^XCC l 2 M>*CF 4 Srffl 
VVfc. ^iHWWflCljBOsccm, CF 4 
£3 0 s c cmt Ufc. 

to i 6 0] am rxm?is-ffii<7)K7^x.y^y^x 
g i o < -f s - bxy~ hnm&coT-n~fi 

v*x#xi l z&\^xo i tf^ttLX^^^ftTfcz>;i 

s*u m2mmit^-t &y-vmm3 o 5 b 
i-ms 306 B&mi&t& . -rot # ^- nmm 3 0 

4Alil20K7^x.yfy^tl3. 8-2 5. 8 
04Bi;&o-O^ 0 

[0161] afc, $2«F7^x7fy7lx 7 fy 

^'XtC 1 2 . B C 1 3 , S i C 1 4 . CC1 4 ^if«DS 
CF 4l SF 6 . NF 3 ^fc'-07y3S^XS 

[oi62] w.2mm^y~vwmzi5^x^~^~ 
mty- nmm^m^x^^m^mmkcom3co 

h'-ty^fi^ Z. tlZ it 0 LDD^gfc=5:&. ^nts 
WT'(i^'-b€S<7)IDJ^4 0 0 nmtf-^'-il«i s 
826" T"fcl>y>T\ LDDfIiiO^§(i8 2 0 nmt 

pyx b?x;«f^ ^/L-^^tox y-f-y^mmi 

[0 16 3] i2i7)P7^x 7 fy/(:±^yXf7 



*?(±®2<0j£K3 0 7Bf::8:~>'Ov&. ^yy'Xh 
VX? 3 0 7 B^^tf-ft2R<®2^)K-ty^lS 

mm ~?x ? t y -xf|«& 5^liKWy»ni 

1 5g^)7C3l) SK-ty^s. 

[0164] ^mmmxn u y £ h-x* i . 5x10 

1 5 atons/cm 2 . JlBWEEfc 8 0 k V b I X V - t° V f-f 

hc\bx& nm&mz v -xmmfoh v v a ymm 

2 08—2 lltlXl O 20 — 1 X 1 O 21 atoms/cm3y) 

^mmmzBf&ifz, (M3 (a> ) 

[0165] £r*y IM3 (A) ^15 (B) fcMJELT 
fcD. f^yj^^-f l>y-b€*3 0 5 B#5 1 8 
~5 2 4t*rjEU y-h€S3 0 6B^'5 2 5-5 3 
lfc*tJSl/0*$. fctfU 521. 524. 528. 
5 3 1iiy-f€ST1i^^ 0 y-*H«*S^ 
fiKW yfI«2 0 8-2 1 Ki, 5 3 2-5 3 6 

[ 0 1 6 6 ] Ife^frf 3 <0 K 

yj^vl-yyxmfio, ®3(7)b"9^X>y^y^I 

ST(±fflie» 2 <aj#K<9y- h 3 o 5 b avy- h 

«1i3 0 6BOM77S-x.y^y^"L-C. 3&£g52«D7B 
-h«S3 0 5Cat^y-M|ffi3 0 6C*^flg-fS. 

[0167] ^- h*6i»j«^^Tffi3 mm^y- v 
9&3 0 5cbm%t>%^m2 <m$my- hmm 3 0 

5 B 3 1 4 iif£<7)|fl3 o K-b°y^"X 

StiOL off 1B«i:^S. ffi3<7)b'7-^x.y^y^B# 

ThK; ±ot tin E^- 1- 3 0 5 c 0^ r^v 

[0 168] x-y^y^gM(igw4 
•y^y^'WS-fflv^ 0 x.yfy/ifti±icpi^j 
500W. /H7xi^^2 0w, lyfy/ftyA' 

-ffi^Srl. OPatUc. /7^liCl 2 MCF 4 Jffl 
V^fc. ^X?1*«i^#imC l 2 ^30sccm. CF 4 

30 5B. 3 0 6B5:X7fy/Lt. ilE^iatH 

3mm^'thy-hnM3o 5c. 3 0 6cs-fM 

H®WfcL 0ff 4!h£!>y-h€*3 0 
5C^^^I/^|tOA.(7)X-y^-y^'M* j; 4 8 0 nmfc 

[0169] s/i. $30F7^fx7fy/ttx.yfy 

1 2 . BCI3. SiCl 4 . CC1 4 =5rfc"OJ& 
m%k#A. CF 4 . SF 6 . NF 3 &fcV)7-ylS^!/xa. 

i&SffXZmv^Xh&VK 

[0 170] ®3 OX vi-yyiz X DMIE^-b«S3 
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3 c^K<7)^- I- ffiSJI 3 0 4 Cb^h o 
[0171] ^ftTl?40}^4"x-y^y?_TfS^T 
5 . y y'x h vx ? {im 3 OX >y i-> 7 iZ i 9 $ 3 OJB 
^30 7Cfc55r-3rv^. ^^l/y'Xf7^^307C 
ifflv *s . x -y f - yy&frZ® 0 
§;LT^t§IE. [^ti^y^W^T^a^fi^ifli 
v\ f - y ?x*\&UV7- I- m« 3 o 6 c £S! 

WWtxyf-y^-ts. y-b«S3 0 5C^x 7 fy 
?"$iv5ru J; 5 d ty- f€S 3 0 

5 c coll o py- M1306C tifc^f-v 

[0172] 4^, m3^'y^yy^x v )%^Ki>m 

^-f-mS (WM) fcfifi&t&v^-httfii (TaN 
JR) fcS=5rS^tm**Jf 3 1 3li«<0»3«0H-ty^t: 

[0 17 3] L 0 ,iSiiLDDa^fi§Kl3^)F 
5 >f x - y f- y i 0 L fc L 0 f f com £ v 

[0174] m&fefflTli. I C P«7j£ 5 0 0W. A 

OPakLfc. #*(iCl,, CF 4 atP0 2 *fflV^. 
^I*(i^tl^'tlC 1 2 £ 2 5 s c c m. C F 4 £ 2 5 
seem, O 2 J10s cemttft. I3«^y-' 
-Mlffi (WJR) SSBRWtxyfy/L, SSPOx- 
§ ^ < -f s i t -en 3 0»^- h 
IMS 3 0 6C ± o iti»^4<7)^^^rrs^-h 

tS3 0 6D«U, 
[0 1 7 5] y-hmS (TaNi) (i^7nm 

SKLjEpx -y^y^ti-f . !3«of- bm«3 

o 5 c t dffR tBw®4 o^oy- hmm o 5 d 

[ 0 1 7 6 ] Ji?4 «RO^- hmS3 0 5 D«, ^~ 

b 3 0 6 d t jt^y- b vmcofrMwrzmm ttz 

4 2 0 nm (y-hfi£#rm8 40nm)IU 
mAkb^^mmmXUA 2 0nmOL 0V Si3 13^ 

[0 17 7] ±tz, $4«F5^X7fy/!i;X7fy 
ftfxtzc 1 2 . BCI3, S i C 1 4 . CC1 4 %i; Ota 
CF 4l SF 6l NF 3 ^^7 7lMX& 

[0 178] 03 (D) ^H5 (C) bttmiZ 

fcO. ^4«0?^K*#rS^-hmS3 0 5D#5 3 8 
— 5 4 4K*fjGU ^-btH3 0 6D#5 4 5— 5 5 
l£*fJEl/C^5. fcfc'U 541. 544. 548. 

5 5 m^-bmn-m&u, 
[0i79]g|4«b'7>fx7fy^m ythu 



t i STvyy/, !> Wsluf E7 >y yy/*'X 

tarn s v f 4 5r t'o 7 -y mm* zmnu Ltzr 
-y y y rwm. #> s v ^marcoR^ t*^*no^t 
i o ^*t-tiix' x w xmmcit . r i e ^o b* ^ 

^Xvfy/gl^l^O^'yyy/CJ: DVX^ 
3 0 7D^^SL/i o 

[0 180] LDDfM^fFMt-|>^feom30 
F-t"y/IgJffl (S3 (E) ) MIES40M« 
coy-f€S3 0 6Dj?^^tfflUT^^3 1 3 
3ltX3 1 4 ^IfFlEV-XMJiSW' h* u>f yffiJitit^ 
MUSOfi^nS^WftJi^ffM-rSo *Wi*il3 1 

3 -cay- hm«3 o 5 Ds.^y-Mfii^ji3 09^^ 
vyy<^mm\mm^m\ ^mm&xv 0 . 

[0181] *HJSMT1i. K-XiSr 3 . 5 x 1 0 1 2 
atoms/cm2 , Jd3«E ^ 9 0 k V t -f S ^ t T L 0 f f fl« 
3 1 4atXL 0W ^3 1 3eMl!t, 

[ 0 1 8 2 ] *HSSMT1i^4<7)y- h«®X>y 
fy/St V i/X N7X^3 07D Srl^*L^J&\ S 3 
O H - 1 y y'iUz'H -9 T r°1ffi}i =5r v ^ . 

[0 183] 03 ( E ) J&I06 (A) b^JBLX 

tJOs L 0ff 1B«3 143& I 5 5 7-5 6 ltdtfJfcU L 
0V ^li3 1 3#5 6 2 — 5 6 6K*tJSl/0*4. fc«f 
t. 5 56. 56 1. 5 6 6!±L 0 ^I^L 0ff fIlit 

[0 1 84] Mitt. nM^#:i:LTW^I>3l^& 

i a tfffc^* b hfrt>%ivx? 5 6 7 

* JgjS 4 CO K - b° > 7'T.mz X D P SO^»#:*^ 
£JBJ£*S. (06(B)) ^Of* P S^#:^^t- 
StcH^ F-h°y^T§ c\ k Tpm^mibM 5 7 0-5 

[0 185] ZCDkZ, fflB^W#:^5 7 0-5 7 5 

ft4"f & ^fcfiifelOjftg & 2X10 2 °-2X10 21 atoms/ 
cms t %h X O t K-ty^S i t T-pSi^WftlSi 1 

[0186] *MtMT1±#'ny& H-X13X 10" 
atoms/cm 2 . jD}imJ±& 2 0-3 0kVkf|,;> tp 
M^»f*^i^ 5 7 0 - 5 7 5 £ ffM Lfc . 

[0 187] 7t Wi/Xh-Z^Bl 6^^*tst 
fit XSt^ffitm 1 Oiir H 1ffiliM 5 7 6 Sr^fig-t-S . * 

igT-JxT^XvcvDS^J; osiitaityu^y^ i 

5 0 nm«Uci\ r^A- 7 ^^'ffi«MM^ 

TtJI^u Bt-fta^yu^yjitPB^^yyny^ 

js* t -t s wmmx-htiifx \>\ t tz y u 3 y ^ ±^ 
t L«ew^uTmiiT-i 2aiiti±o»iiMT"t 

[0188]^;. ^»*H(«D§tl^^l»7C3l& 
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i p p 00—70 o°cy 

mm 500-55 o°cTif =t < , *mm?i±5 
5o°c. 4fflffi<mimT%&fflm£ft-7ti. 

vPt-^7--AS (RTAS) fcjgJ&t&Cli:** 
[ 0 1 8 9 ] &is . ^Stt^IgtifrffEIS 1 

jug 5 7 wmsmizm^x t^oi\ 

1 *H tft y U ^ y& i: £ ±J&b v i: -f £ 

miti/ U n y§L S-fky y 3 yJI&V'Kftafty 'J n y 

1 ^Jin»fs!iJi lt h mmz -tx a < mam* l 

vy 

[0190] 3-100 xwmnmm* . 3 

0 0 - 5 5 0 r:x 1 - 1 2 m^mm £ m \ 

[0191] H 2 1 0 0%. 3 5 0°C# 

[0 1 9 2] ®l<0JHBBe«aR5 7 6±tXt>' 

t-^#:ga^ffM$^*^™^ mt ix^ 
[0193] ^mm\x\mw 1 6 0 0 n m«r^ y 

[0194] ^OflL fflEy-^Iii, h'W >f« 

s y- v mm _h teirr s mt ay- b 5 3 
7 , m ojusfe&ig 576 & 2 ojn^egag 5 7 

8^x 7 fy/Lt *EfflilS 579-588i: 

jg^fe & # a w y £■ us irr s cf-^ ^-ss 

4 5-80° Ox-^-^^^iiSJ^tx.y^y 

1 Si ISVBloii^lteSMtfflv^tL^BtMt^ 

*ro f- vmrn^ >y ^y ^-rs 

vy ^wfr/iy y 3^t^L^-MegKt»»sijMba 

F 3 . CiFs^rif****. =Sr*5, CHF 3 . C 4 F 8 i77 
fcfi.^^ y y a y oSSlfcb&W ^'xt 



[0195] *^MTi±. r 1 Kwmzxantc f 

4 . He. 0 2 £fflWt, ^^yA-J±7^^6 6. 7P 
a. RFm7j£5 0 0WhLT, ^liitWi^^C 
F,Bsccm, HeHOsccm, 0^95sc 
c m fc LT . SI 2 oJMeSilO 7?y/^x 7 fy?" 

L. Rt<RIEgt(;m(iCF 4 , He, 0 2 £ffl 
^T. ^-vy^'-i±7J^4 0. OP a. RFtt}j£3 0 
0 Wfc LT . ^XSil^fLftlC F^50scc 
HeSr35sccm, 0 2 J 50 s c cmt Lt, 

|5|t<RI EHMfcT#X«CHF 3 £ffl^-C. ^-^y 
^-Bt)S7. 3 Pa, RFm7J*8 0 0W, %Xl£C 
HF 3 ^3 5 s c cmegALT. ^*Jft*fLT^- 
Mfe^M^S^S^y U n y SrStRWtx v f-y^L 

[0 196]il>t, ^raKfl 5 7 9-588 *^fig"f 

< . w$m\xw i 1 1 t i <o^jR*«jfL 

XffiSLLIt. X^vfmm^X, Til*&50nm 
fiJcML. i!{tTA \tTi Vrt&m: 5 0 0 nm51« 

[0197] ythwjxh^zx^x^mmik. urn 

. *HJIMT1±x .y^y^'xtig* 

•••><x ••-••;-> . ^r H 11EH5 7 9-5 8 8^ffML 

[0198] ty±<rM\,Z LX, n ft^/HT F T 6 0 
1. pf^^HTFT602, nftwHTFT6 
0 3^*t-|>IB»@£#6 0 6t, HIRTFT604, f* 
1#^»6 0 5 k Zfttmm®6 0 7 *|S[-Sfiliit^ 

[0199] mz^ m&zm^xmi^LtzTV'fA 
?-? hv? xmm mm itzmmr^T a r-? by? 

[o2ooiaf, r^fo'vF v?z±.mmm 

)^--yytx%t>tlhmm 7^-^-5 8 9^ffM 

•th. &tz^~vmm,±wzim.tK\i£VK & 

[0201] r^f^vF y ^xs«oB«gp 

$m59QitWitth« ffiffi^MLWi 7ty« 
asris txms^^h t s&rv^-jv h ft t 

[0202] iJCfcr, MftS«5 9 lSrfflm-rS. Mn&lS 

fitttiigseji 592. mmm& 593. swisn&iM 5 9 
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4ZBf&Tl. j63eK5 9 2JiTiJR, CrE All 

1 5 0-3 0 0 nmOJ¥§T"ffM^I> 0 
[0203] it, EffljR 5 9 4 t(i 5 h'> 

7 r -* 7"^ I- y ? xss MftSS fc & 5 9 5 
"CIA 9 

[0204] ^com, mmxmizm£k&m5 9 e &a 

5 9 6 £i£ALfc t^iypjT^t^jh-tS . 
[0 2 0 5] Z<DmzLXm8lZ&tK$m<?)T9T4 

[0 2 06] [HJt^J2 )*HMMT"tt, HtfiM 1 fcfc^ 

t , k 7 a x >y f - ynzx y- hnmz&mtm^ 

x > y fy^(; S F 6 ^ ffl^T h«Hi!iK*f L . 

- h«ffiffMf^®3 <7) K- ty^jaB^lS(4SQt« 
[0 2 07] ggfflffi 1 t«!-5-c^js$nfe«wiflfiiom 

y?7 A Y'ZX? 3 0 7 Srffl^T FtM 

K(iTaN]8£, Sl2 0zi«JI(diW§|£fflt^y 

[0208] m^Mti^r y- vwrn K 5 >f X >/ 

fy^'tlilCP (Inductively Coupled Plasma) ^ 

[0209]miOK5^X.y f- y I C P^Tl £ 

5 0 0W, a'^T^JI 5 0W, x-y^y^^y 
^-£E**1. OPatL, 7n«^CCl 2l C 

seem, CF 4 2r25sccm, 0 2 ^ lOsccmt 

[0210] s&2«dswc&s*:/^*t 

tX.yf^L, ^tOW=iix-^-^E^2 3° «0 

^l^bTf y?7^y<nx. -y^-yyv-Y ifilM I T 

a NI«X .y f - y ?'V- b ^'ig^S fc#> 

(wjg) ^»KWtx-y^y^'§ni> 0 it. A^rx 
m^s 1 5 owtiss-rs^ kT^-^-ft&co'bz^ 
y- h nmtjm ^tiu^t^^, 

[0211] y-hmm3 0 5Any-hmm <wk) 

^-y^x-zfy/Ci 0 13 — 14 nmgSx 7 f 

yrzti&mxmmmizm-yx \ > 1 tz^corm^ 

imt&y- Mfilli^x -y f-y^Sfrn: 304A« 



[02 12] 3rfc, glW^7^X7fy/tfci^ 
x 7 fymtci 2l sf 6i o^fflwtiJ:^. 

[02 13] fg(tTm20K7>fX.y^y^I|S&fi 

iOHl^)J^K^)30 7Ai:^TV^. l(D7thU 
y'Xb30 7A(i^iL ; 5:^T"^^itffl^l> 0 

^y^W^TMSSfr^fil^ 

[02 14] K7^X>y^-y^'(;fc(tl>7 0 n^X77"XR 
{/7n-bX^ff«HtJ; 0 fflE^*- F€« ( T a N 
H) M/^-Mtffi (Wig) fcl^fcx.y^y^U H 

2mnm^~tz>y~ hms3 o 5 ew^- n^S3 
0 6 b ^mm-h . ^mmmxn icpi^^soo 

SI. 3PatL. 7ntX^tCl 2 MSF 6 ^ 
l^fc. ^'-X^ia^il-e'ilC ljHOsccm, SF 6 
§r50sccm£ L/i, 

[02 15] A^mj]^10l<7^X7fy/I 

|0Wi«x 7 fy^V-MilO4nm/min, T 
aNlOX 7 fy^-Mil 1 1 nm/mi nTft 

0. tebA,mvm-£T^v^y-7'ZKz>, m2mm 

tt-fh bV& 3 0 5 B&tf MKffi 3 0 6 B 

[02 16] -r«0i:§, |l{0F7^l7fy^S") 
X^fzTa NmiZm IK-x -y f - y . ^^)fi, 

t a m^y^-ymm^mztimz 1 5# 
^s^-A-x.y^y^'^ff 0 . Miat-A-xyf- 

3. 2nmgll7fym, Il2^«^-Bfi 
HM304Bh^l> o 

[0217] S2^««y-MS:i5i^7-A- 

aii: y- h mt®m&T£&?>¥mmte®t?>m 3 ^ 

K-ty^fcffd c: t D ld Dfliit^S. *HJfi 

hmffiOJKi¥^'4 0 0 nmtf-^-ftfl*' 
»2 6* "CfcS^-C. LDDli«S$li8 2 0nmt 
l/yXF?X^(Dft^U^^X7fy^l 

[02 18] l2«F7^x 7 fy^;j; Ol/yxhv 
X^tt!2(?)Btt3 0 7Bi:^ti^ o Z.<nW7.y 
v^307B£ ^ ti^ < m 2 CO F - b° y ^"IIS 

7x 9 \z y 1. w\t v y MJic n m 
^n^t&^mtm ( u y^m^itm^tii £ 

1 5^ojc^) 

[0219] ^mmrnxu u y s v-xm. 1 . 5x10 

1 s atom3/cm2 , jDjimES 8 0 k V t L T K - 1 y ^"f 

s - 1 t i es^-wt v -xmmfo h \>m v w yfis 

2 0 8 — 2 1 1C1X1 0 2 »— 1 X 1 O 21 atoms/cm 3 c7) 
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[0 2 2 0] }M^yXf7X^^iitf(;i3?)b' 
7 A X -y i->7XnZft 0, ^3«F7^X 7 fy/I 
gT(±B0ia^2 Off^^y- f€S3 0 5 B&tf ?*- h 
€63 0 6B«^X 7 fy/LT, %t>\Z%2(m 

Sr&gfc&l, X o Cx «y ^y?XTS30ff£Koy 

- bms 3 o 5 c y- b ms 3 0 6 C £ JgJfct 5 . 

[0221 ]y- b^ii£&//C®3<Z>J&Ktf>y-h 

ms3 o 5cfca^A,^^ig2^jf^<5 r )y-M:ffi3o 

5Bfcfi£S,^ttJf3 14y:&03&3<a^*-l^y$''I 
g^;:J; 9L off |g$i::5r$. i3»F7^X7fy^ 
ra^^flia^-bmS ( T a Nil) ^W)^-|*K\ 
<7)X.y^y^"*^M»L, L 0ff fIii<7)^$&$IJ»-r 

[ o 2 2 2 ] x y icpmh^x 

•y^y?'HB£ffll^ x 7 f^lMlCPl^& 

5 0ow, jUtaWiZ i ow, i7fy/ftyA' 

-JEEfcfcl. 3Paafc t ^(iCl 2 M'SF 6 ^ 
VVfc. ^SlliaaC l^lOsccra, SF 6 

(TaN|) &tfy-h*« (WJR) tl7fV/L 

x , _hfB<7) j: 5 3 3 0 5 

tL off ^i:!5rSy-MKffi (TaNi) <M-**A& 
J^«I 7 fy ^*#4 8 0nm^j:SJ;otX7f 

[0 2 2 3] S?3 0X.yf-yy^9fufEy-hmffi3 
0 5Cfcfi£&£uy-Mfc«Rlift5. 8nmX7f 
yy§*U W,3CDWmOACtt£h, SrtS, Z\Z\tX 
OTSW-MglK9. 0 nmX-yif-y^tlT^ 

4. 

[0 2 24] i4«^^x 7 fy/lg^fr 

3 „ ^yxf^x^ (iH 3 ox -y ^y y*'£ J *)M3<m 
«<7)307Cfc5:-5t^S. :«ky'Xb7X^3 07 

v \ m 4 ox > y ^yymwtf?'- h ms 3 o 6 c £ n 

f^tX-y^y^-fSo (TaNi) #X-y 

i-yyztv&^x o tekftx-umtz - tty-- vmm 

( T a ) <Mi 0 V mm ( wm ) ^Jrb^^-r^- 
[0 2 2 5] ^ox^yyt^Ofl^tiSlg 

4 «it«y-*- f- mstfe^r , y- b mm* &//c 

y-F-IS (wig) fctiSSr&Srvvjr'-hWi (TaN 
H) fcfi^l>*W#cii3 l 3\m<r)%3><nY~^ynz 

[0 2 2 6] L 0 „^Jii±LDDM^^§^^3O^ 



[02 27 ] #SU6fflT(±, I C Pm^j£ 5 0 OW, A 

-^rxm7j^2 0w. x 7 fymy^)±j]ji. 

OF'afcL/io ^tiCl 2 , SF 6 &^0 2 ^U/i 0 
^'XStia^ix^ilC 1^20sccm, C F 4 £ 2 0 
seem, O^20sccmt Lst. 13^^^ 

- f- mmz wmizx. ^ y y u asas^T 
zzt>k3zz<-r&zt xm 3 emwyf- hmm 3 0 

6 C i 19 ttg»^40ff^&^l>^- FmS3 0 

[0 2 28] S^, y-hWM (TaNi) ttSnmfi 
jKL^x-y^yy§trf\ JS3^»oy-Fm«3 0 
5CfciJ{i'|S|ttSOm4 0ff^oy-hmS3 0 5D*« 

[ 0 2 2 9 ] 114 W^ftD?*- F 3 0 5 D Jiy- F 
mm 3 0 6 D t Jt^ffJJ^'itT-4 2 0nm(y-M^ 
ttt*tt8 4 0 n m ) * 0*HStMTi±4 2 0 

nmtOL ov #|«3 1 3£?IffiLfc. 

[02 30 ] i4«F7 y (X .y^y^;J; 0 y- hffiift 

MiiftO. 5nmX7f^3W. ifc, SSI, £ 
2 , S53&tfgS4ew: vfy^CJ: D y- FffifiWx 
>/^y^'$^§Mi±9. 5nmSJKffcS. SUftMlT 

#\ ^atwctt. i7fymcsF 6 ^^ 

#>y- MftWBi: (^aKifc* 1 i 0 S< =5r 0 , y- FSS 
jROx y 7-y7mm8 9 %W-Z*t& Z. t . 
[02 3 1 ]H4<7)H9>fx.yf-y^iRTa, 7tbV 
^Xhfcj;0ffM§^^^3 0 7D^^*-tS o O 
2 77y^\ H 2 07>yyy^\ 4fc(i0 2 , H 2 O«0M 

^xr^ t i s r v >- y s> s i miet >/ y y 
izmmfo h v^i c f 4 & 7 >/ l ^ r 

[02 32 ] *»4MT"(±. R I E775tO Fv-fx-yf 

y m o 2 r >;/ y y i *} vx ^ 3 0 7 d 

[02 33] m±<7)77^^ fflV ^ £ fc TUftM 1 
^-MElIW7fy?lti9. 5 nmCfpi^ 
[ 0 2 3 4 ] ^iJ , *»tMT"(im 2 . H 3 RVB4 c?) 

H 5 A x >y f - y ytz& wz s f 6 ^x . y ^ y tffl 
^fc**. HffifiJ 1 o X 5 izW&C F 4 ^ m^g&izx 
V?4^yj-y7'$:ft~>X£\\ ®2R 
V"S4 f - y ^tJiC F4£ ffl^fc^ftfcT 

Xyfy^L, S30b'7-fX-yf-y^'<7)^SF6^ffl 

v **ttcrx >y ^-y ^ «t a £ lt *> s v ^ 
[0235] i^-cti, stithy -9 my Mb L, ^y 

*\ ;<7)y-hSit£Pfis§^. ?y^fy, ^y 



(20) 12 002-8380 5 ( P 2 0 0 2 - 8^! A ) 



[0 2 36] [Hlft^j3 ]*SffiMT1i. HffiW 1 

^mm&zimmmzi-&imzm9zm^xmmt 

s. 

[0 2 37] mm 1 <?>*. o iZ. ^7^819 0 1 ±£ 

lesM 9 0 2, is H B B ^ii&*-r s mm^m^m 9 o 
3, y-h«ji9 04, mi(omnm9o 5, &2<o 

«€§S9 0 6, SrffML, 7th^'XbH^?X 

[ 0 2 3 8 ] £fc , HJfcffl 1 t i»i^tT*<oy- h«tt 
*fflCI±T aNl^, JJf^y- hltffiffi^«W§i£ 

fflv^. at, 1- w> k -y < x >'/(K i i < 

t 0 

[0 2 3 9] HWl ^l^K7^x 7 fy 
^fcfra. Wici 2 , cF 4 arxo 2 ^ffl^T. ic 

Pt^]^500W, A>f7***j£l 5 0W, X.y^-y 

yA-Eft *■ i . o p a t u xr^auni-t^-e 

tlC 1 2*2 5 s c cm, CF 4 lr25sccm, 0 2 £ 
1 0 s c cmtX7fy/tli. 

[ o 2 4 o ] zm. y~hmm (wk> s&wwtx 
ffWffM$titig i mmcoy- hm«9 o 6 a#jb 

&L$iX&, ^-bmS (TaNjg) tt^-hmffi (W 
IBS) (Ot-^-Xyfy/ti 0 13-14 nmfS^X 

■yf-y^'^iis^aiE^fflta-oTBD, mimmn 
y- v mm 9 o 5 a«§ tis „ 

[0 24 1 ] it, g?l^'^x-y^y?"(ix-/^y 
^XCC 1 2 , B C 1 3 , S i C 1 4 , CC1 4 &i;'<7)f& 
CF 4 , SF 6 , NF 3 ^J:'»7'yiMxa 

[ 0 2 4 2 ] i <7)R§, y- b ffiMilg 1 9 0 

5 A^li^ffiCSot i^tfti -y yy§*rf , m 
l «R^y- B£iiJl9 0 4 A^ffMStrO^ 
[0 24 3] MttT, IWJl tmMiZlszSXh*?*? 

£ ffisitfizm 2»F7^x 7 f7mi ii c 

l 2 SVCF 4 *fflUT, ICPtj]^5 0 0W, 
**fc£2 0W. Xyf-y^f-^yA— ffiftfcl. OP 
atLT, ^li^^^ixC l 2 £30sccm, 
CF 4 £ 30 s c cmfc Lfc. Hl<^R«y-h«S 
9 0 5 h 9& 9 0 6 B * ^ (;x -y ~f- y ^ L 



xm2mm^y-vmm9 o 5 b&w- hms9 o 

[0244] £ y— 1-1* 9 0 5 B tOWIfcftE 

*<7>y- M6&|g9 0 4 B£«$tlS . 
[024 5 ] it, g2«F7^X7fy/ttX 7 fy 

ftfxizc i 2 , b c 1 3 , s i c 1 4 , cci 4 friros 

SaW, CF 4 , SF 6 , NF 3 ^{;'«77lMXS 
tf0 2 ^jltmt#X, itti^tl^ifi^fc^S 

[0246] mz. mtm 1 1 ^i«Hdi?2^ K-b°yy 

Srffa . l^F-t°y^il£ B B H fryy 3y|*^ 

^S^a»*il«fMmtTFTtor«fft4&$IJ«-ri>t 

ft^*/l/fIJ«Ti^t K-h°y?"fc-f § „ 

[0247] nmztttt&^mm* K-t°y^-r § ; 

> -C T-SMWH 9 0 8 (I{± V - XfifeUjf, 1 1 K 1. i > fi 

Ji^ws ixi> . ^nmmn^mmz y y k 

-X'M 1 . 5 X 1 0 1 5 atoms/cm 2 , M^EE 8 0kVC 
[0 24 8] ®3<0H5>fXvf-y^Sfi-5. £ 

iTfc icPMF7^x 7 fy/gl^t\ yy'x 

hV*?£|$£-£-ft;:?T0. #Xf±Cl 2 , CF 4 &tfO 
2 £fflWC % ICPt^^5 0 0W, AM7Xt*J2 
0W, X>yf-y^>^yA'-J±^* 1 . OPattT, 
^X?IM(i-?-tl-ftlC l 2 *25sccm, CF 4 *25 
sec m&tX0 2 SrlOsccmtLto 
[0249] ^J)ftflJl^^Tffi4<7)b'7-<X-y7 c y^ 

•efflv > t>tifz0kftx-mm~th i fc ry- b «® ( ) 
^'SKS^tx .y ^y r 1 at^S52 o^«ti#^^i 

y- hm® 9 o 6 ctfrntLztiz . 

[02 50 ] y-Vmm (TaND tiJSfc/Cfc'X.y^ 

y^ix^S^T^s^', y-Miffi (wi) 
^^ititcx -y ^-y ^'§til> f?tiTSKt-|> y- h 

mm (TaND (±Sii^^^^tX-y^y^"§il, 5 

• im<wm&\^%T--> ^nmmi-hw, 3 

9 0 5C^ffM§tlS o 

[0 2 5 1 ] it, $3«H7^l7fy/(iX7fy 
ftfXiZC 1 2 , B C 1 3 , S i C 1 4 , cci 4^-t'^JS 
Sj^'X, CF 4 , SF 6 , NF 3 ^};'»7 7lMXS 

M-£t?zzm^Xi>&\,\ 

[02 52] H2<^K<7)y-h«fii (TaN 

n ) mmtzm&m 2 <nm&>*r- y mm 904 

Biix.y^y^ix, m3<^K<oy-M(eiSJg9 0 4 
c^ffM§til> 0 

[0253] mzm3(Dv~fy^nd . m3mm 
coy~vmm9 0 6c£-?x? izmv^x , y~hmm 

(Wjg) fcfi^^^, y-bmS (TaND fcfi^l> 

¥mikm 909 t;y- bm«9 05c mi& x ? 
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[0254] M3mm<oy- i-m«9 o 5 cco^mz 
commt^mn^ -a ^ . mi bish^^i 3 «o 

K - t° y ?'X''^¥«*M^MIJS^ i> fcT**5:#«i 
t MfBUfftM 1 «;4i tfc L of f SgRtf 

[0255] *nffiMT"«u y^mmzmxf. v~x 

*3. 5X 1 0 12 atoms/cm 2 . jJD}I€]±£ 9 OkVfc-f 

s z t T^mtkm 909 tti v-xmmm/ k w >m 

[0 2 5 6] iXC$40K7^X'yf^fTl £3 

mmco¥-hmm9 05c £x>y^y?"LT3i4c9^ 

bmS9 0 5 D &8t&i-l . 

[0257] H3 <mm>y- ywm9 0 5 c^ssta 

f-^-MSf LT& 0 , H?7ttfc K 5 >f x . y + yy 

mozb xm 3 <?mm?- vvm ( t a nis ) <m 
m^m3mmcoy-hmm9 oec tmzmwiz 

m 9 0 5 D ?)fI(iS§ 3 £>7#R<7) y- hmS905Cj;0 

[0258] H3 mmcoy- vmm9 05c 

rv^LDD<SW9 0 9W-a5(ijS4<7)b*9>fxyf-y 

t=5rS. ^0£ftf|fBLDDfIi$9 0 9(iL off fg$9 
1 0at/L 0V M«9 1 1 
[02 59] fztzL, y—hVM. ( T a NJR) 
/h5*T-^-^**^Tt49flR (TaND <0fc*>x 
■y^y^V- b^ii^x- 7 ^y^frT'«I^I> t 
hVM (TaND te-fKX^yj-yyZtlXltm 

[0260] ^mmmxam4co v+yrw 

f+y^'-ff^j£6. 7 Pa, RFt^£8 0 0WfcL 
T, ^CHF 3 J3 5 s ccmjT^LU'yfy/ 
Lfc. SrtK ^TlaRIE^OK^x-y^-y^ll 
M^fflv^^ftfJgS^ii-f, iCPM«h'^x 7 

[0261] z<Dmrn4<7)V74x.v j f-yyfc£*)m3 
<mm.^f- vnm9 0 5 c fcfi^^^v^iii^^- h 
f£§Ji 9 0 4 c mi t ^ fx . y i-yrzti&tf. *> L-r 

O^- I- ifilWx >y f- y ^§ Ktz b LX i> 
Hg££Bt-t£±-Cffi8t*5:V\ ^aSfix-y^y?' 

t c h f 3 ^fflv ^ i> ; t t>¥m#m~c$> h v 
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PROBLEM TO BE SOLVED: To overcome the problem of a prior art such that 
the patterning of a resist mask accompanying photo lithography causes increase 
in the number of the processes, the extension of process time, and increase in 
costs when a semiconductor device represented by an active-matrix-type display 
is manufactured. 

SOLUTION: As a method for forming an impurity region in a semiconductor layer 
303, the semiconductor layer 303 is doped in self-alignment manner with a 
second conductive film 306 out of a gate electrode formed in two layers as a 
mask. The semiconductor layer is doped by passing through first conductive and 
insulating films 305 and 304, thus forming an LDD region in GOLD structure at a 
semiconductor layer 313. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The 1st process which forms a semi-conductor layer, and the 2nd 
process which forms gate dielectric film on said semi-conductor layer, The 3rd 
process which forms the 1st electric conduction film on said gate dielectric film, 
and the 4th process which forms the 2nd electric conduction film on said 1st 
electric conduction film, The 5th process which forms the gate electrode of 1 time 
or the 1st configuration of a multiple-times deed for dry etching to said 2nd 
electric conduction film and said 1st electric conduction film, The 6th process 
which forms the 1st impurity range in said semi-conductor layer, and the 7th 
process which performs dry etching to the gate electrode of said 1st configuration, 
and forms the gate electrode of the 2nd configuration, The production approach 
of the semiconductor device characterized by including the 8th process which 
performs dry etching alternatively to the 2nd electric conduction film which 



constitutes the gate electrode of said 2nd configuration, and forms the gate 
electrode of the 3rd configuration, and the 9th process which forms the 2nd 
impurity range in said semi-conductor layer. 

[Claim 2] the quality of the material which uses as a principal component the 
refractory metal with which said 1st electric conduction film and said 2nd electric 
conduction film were chosen from a tungsten, a tantalum, titanium, and 
molybdenum in claim 1 , the alloy containing these metals, or the nitride which 
uses these metals as a principal component -- since -- the production approach 
of the semiconductor device characterized by being the selected quality of the 
material. 

[Claim 3] The production approach of the semiconductor device characterized by 
forming the gate electrode of the 1st configuration using chlorine-based gas and 
fluorine system gas or chlorine-based gas, fluorine system gas, and 02 by the 
dry etching in said 5th process in claim 1 or claim 2. 

[Claim 4] The production approach of the semiconductor device characterized by 
forming the gate electrode of the 2nd configuration using chlorine-based gas and 
fluorine system gas by the dry etching in said 7th process in claim 1 thru/or any 1 
of 3. 

[Claim 5] The production approach of the semiconductor device characterized by 
forming the gate electrode of the 3rd configuration using chlorine-based gas, 
fluorine system gas, and 02 by the dry etching in said 8th process in claim 1 
thru/or any 1 of 4. 

[Claim 6] Said 9th process according to claim 1 to 5 is the production approach of 
the semiconductor device characterized by forming said 2nd impurity range in 
said semi-conductor layer with doping an impurity element so that the 1st [ said ] 
electric conduction film and said gate dielectric film which constitutes the gate 
electrode of said 2nd configuration may be passed. 
[Claim 7] The 9th process given in claim 1 thru/or any 1 term of 6 is the 
production approach of the semiconductor device characterized by forming an 
impurity range in the semi-conductor layer which laps with the semi-conductor 



layer located in the outside of the gate electrode of said 3rd configuration, and 
the gate electrode of the 3rd configuration at coincidence. 
[Claim 8] The 1st process which forms a semi-conductor layer, and the 2nd 
process which forms gate dielectric film on said semi-conductor layer, The 3rd 
process which forms the 1st electric conduction film on said gate dielectric film, 
and the 4th process which forms the 2nd electric conduction film on said 1st 
electric conduction film, The 5th process which forms the gate electrode of 1 time 
or the 1st configuration of a multiple-times deed for dry etching to said 2nd 
electric conduction film and said 1st electric conduction film, The 6th process 
which forms the 1st impurity range in said semi-conductor layer, and the 7th 
process which performs dry etching alternatively to the 2nd electric conduction 
film which constitutes the gate electrode of said 1st configuration, and forms the 
gate electrode of the 2nd configuration, The production approach of the 
semiconductor device characterized by including the 8th process which forms the 
2nd impurity range in said semi-conductor layer, and the 9th process which 
performs dry etching alternatively to the 1st electric conduction film which 
constitutes the gate electrode of said 2nd configuration, and forms the gate 
electrode of the 3rd configuration. 

[Claim 9] the quality of the material which uses as a principal component the 
refractory metal with which said 1st electric conduction film and said 2nd electric 
conduction film were chosen from a tungsten, a tantalum, titanium, and 
molybdenum in claim 8, the alloy containing these metals, or the nitride which 
uses these metals as a principal component - since - the production approach 
of the semiconductor device characterized by being the selected quality of the 
material. 

[Claim 10] The production approach of the semiconductor device characterized 
by forming the gate electrode of the 1st configuration using chlorine-based gas 
and fluorine system gas or chlorine-based gas, fluorine system gas, and 02 by 
the dry etching in said 5th process in claim 8 or claim 9. 
[Claim 11] The production approach of the semiconductor device characterized 



by forming the gate electrode of the 2nd configuration using chlorine-based gas, 
fluorine system gas, and 02 by the dry etching in said 7th process in claim 8 
thru/or any 1 of 10. 

[Claim 12] The production approach of the semiconductor device characterized 
by forming the gate electrode of the 3rd configuration by the dry etching in said 
9th process in claim 8 thru/or any 1 of 1 1 using the gas chosen from chlorine- 
based gas and fluorine system gas, chlorine-based gas, fluorine system gas and 
02 and CHF3, and C4F8. 

[Claim 13] Claim 8 thru/or said 8th process in any 1 of 12 are the production 
approach of the semiconductor device characterized by forming said 2nd impurity 
range in said semi-conductor layer with doping an impurity element so that said 
the 1st electric conduction film and gate dielectric film which constitute the gate 
electrode of said 2nd configuration may be passed. 

[Claim 14] The semi-conductor layer formed on the insulating front face, and the 
insulator layer formed on this semi-conductor layer, The 1st process which is the 
production approach of the semiconductor device containing the gate electrode 
formed on this insulator layer, and forms a semi-conductor layer on an insulating 
front face, The 2nd process which forms an insulator layer on said semi- 
conductor layer, and on said insulator layer, the 1st conductive layer, The 
production approach of the semiconductor device characterized by including the 
3rd process which forms the gate electrode which consists of a laminating with 
the 2nd conductive layer which has a larger cone angle than the cone angle in 
the edge of said 1st conductive layer at the edge. 
[Claim 15] It is the production approach of the semiconductor device 
characterized by making the edge of said semi-conductor layer into a taper 
configuration in claim 14. 

[Claim 16] It is the production approach of the semiconductor device 
characterized by the width of face of the 2nd conductive layer being narrower 
than the width of face of the 1st conductive layer in claim 14 or claim 15. 
[Claim 17] It is the production approach of the semiconductor device 



characterized by forming a gate electrode by performing dry etching using 
chlorine-based gas, fluorine system gas, and 02 after said 3rd process performs 
dry etching in claim 14 thru/or any 1 of 16 using chlorine-based gas and fluorine 
system gas or said chlorine-based gas, said fluorine system gas, and 02. 
[Claim 18] It is the production approach of the semiconductor device 
characterized by being gas by which said chlorine-based gas was chosen from 
CI2, BCI3, SiCI4, and CCI4 in claim 1 thru/or any 1 of 17. 
[Claim 19] It is the production approach of the semiconductor device 
characterized by being gas by which said fluorine system gas was chosen from 
CF4, SF6, and NF3 in claim 1 thru/or any 1 of 18. 

[Claim 20] It is a semiconductor device containing the semi-conductor layer 
formed on the insulating front face, the insulator layer formed on this semi- 
conductor layer, and the gate electrode formed on this insulator layer. Said gate 
electrode It has the laminated structure which uses the 1st conductive layer as a 
lower layer, and makes the upper layer the 2nd conductive layer which has a 
larger cone angle than the cone angle in the edge of said 1st conductive layer at 
the edge. Said semi-conductor layer The semiconductor device characterized by 
having the channel formation field which laps with said 2nd conductive layer, the 
LDD field which laps with said 1st conductive layer, and a source field and a 
drain field. 

[Claim 21] It is the semiconductor device characterized by the edge of said semi- 
conductor layer being a taper configuration in claim 20. 

[Claim 22] It is the semiconductor device characterized by being covered with the 
insulator layer by which the edge of said semi-conductor layer was prepared 
between said gate electrodes and said semi-conductor layers in claim 20 or claim 
21. 

[Claim 23] It is the semiconductor device characterized by having the taper 
configuration near the gate electrode among said insulator layers in claim 22. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] Especially this invention is characterized by the technique 
which controls an impurity doping field by the processing approach of the gate 
electrode by dry etching in a semi-conductor layer about a semiconductor device 
and its production approach. The application is related with the electronic 
equipment using the indicating equipment which used the above-mentioned 
semiconductor device for the display especially a liquid crystal display, an 
organic electroluminescence display, and these indicating equipments. 
[0002] 

[Description of the Prior Art] When producing a semiconductor device and 
forming the configuration of a semi-conductor layer by dry etching or wet etching, 
or when forming an impurity range in a semi-conductor layer by doping, the mask 
which consists of a photoresist is used. 

[0003] In dry etching or wet etching, the quality of the material of the outside of 
the part covered with the mask is removed, and the configuration as the 
configuration of a mask where the etched quality of the material is the same is 
formed. On the other hand, an impurity range is formed in the semi-conductor 
layer which is not covered with a mask in case it dopes. 



[0004] In recent years, as for the structure of the semiconductor device equipped 
with the thin film transistor (henceforth TFT), detailed-ization is progressing. 
Therefore, detailed alignment is required also of mask formation. In case detailed 
alignment forms the mask which consists of a resist, it is set to one of the factors 
which cause a defect of shape. Then, after forming a mask and forming a part of 
TFT (for example, gate electrode) by dry etching etc., the approach of producing 
a semiconductor device in self align which forms the part (for example, a source 
field or a drain field) of others of TFT is learned by using said a part of formed 
TFT (for example, gate electrode) as a mask. 

[0005] In the technique of photolithography, since reduction of the photo-mask 
number of sheets used in the forming-mask which consists of photoresist case 
can be realized and detailed location ****** also becomes unnecessary, the 
approach of producing a semiconductor device in self align is a technique by 
which current attention is carried out. 

[0006] For forming an impurity range in a semi-conductor layer, the approach of 
doping 13 groups' impurity element represented by 15 groups' impurity element 
or boron represented by Lynn, the arsenic, etc. (it can set to the periodic table) (it 
can set to the periodic table) in a semi-conductor layer is used. 
[0007] A n-type-semiconductor layer is formed with doping 15 groups' impurity 
element, a p type semiconductor layer is formed with doping 13 groups' impurity 
element, and a source field or a drain field is formed in a semi-conductor layer. 
[0008] On the other hand, the OFF state current (at the time of off actuation, TFT 
says the thing of a current which flows a channel field, and calls it loff on these 
specifications) is in one of the properties of TFT. In case the property of TFT is 
evaluated, it is required that the value of this loff should be small. 
[0009] In order to make the value of loff small, the semi-conductor layer located 
in the outside of a gate electrode is expected to form the 1st LDD (Lightly Doped 
Drain) field. 

[0010] Moreover, if a hot carrier occurs to a channel field when TFT is in a drive 
condition (at namely, the time of ON actuation), it will become the cause of 



degradation of a semiconductor device. In order to prevent it, the semi-conductor 
layer which laps with a gate electrode is expected to form the 2nd LDD field. 
[001 1] In addition, the semiconductor device which has the LDD field which has 
lapped with the gate electrode through gate dielectric film is known as GOLD 
(Gate-drain overlapped LDD) structure. 

[0012] In addition, GOLD structure is known also as LATID (Large-tilt-angle 
implanted drain) structure or ITLDD (Inverse T LDD) structure. Although it is the 
GOLD structure by the sidewall formed with silicon in "Mutsuko Hatano, Hajime 
Akimoto and Takeshi Sakai, IEDM97 TECHNICAL DIGEST, p523-526, and 
1997", it is checked that the extremely excellent dependability is acquired 
compared with TFT of other structures. [ and ] 
[0013] 

[Problem(s) to be Solved by the Invention] Many processes are needed for 
forming the mask which consists of a photoresist when producing the 
semiconductor device equipped with TFT forward and backward. For example, 
they are substrate washing, resist ingredient spreading, prebaking, exposure, 
development, postbake, etc. 

[0014] Moreover, it is necessary to remove the mask which consists of said 
photoresist after etching processing or doping processing, and many processes 
are required also in case it removes. For example, there is exfoliation processing 
which combined the ashing processing by the gas chosen from 02, H20, or CF4, 
the exfoliation processing using various drug solutions, or said ashing processing 
and the processing using a drug solution. At this time, processes, such as drug 
solution processing, rinse processing with pure water, and substrate desiccation, 
are needed for exfoliation processing using a drug solution. 
[0015] Therefore, using the mask which consists of a photoresist had a problem 
of making the number of making processes of a semiconductor device increase. 
[0016] Moreover, detailed alignment is demanded also of mask formation with 
detailed-izing of a semiconductor device. Detailed alignment caused poor 
formation of a resist mask, and the time amount spent on the repair caused the 



increment in process time amount, and it had become the factor which makes a 
manufacturing cost increase. 

[0017] As mentioned above, using the mask which consists of a photoresist when 
producing a semiconductor device caused the increment in a routing counter, 
and the increment in process time amount, therefore it made the manufacturing 
cost increase, and had also affected the yield of a product. 
[0018] Therefore, it is effective in reducing the manufacturing cost of a 
semiconductor device to reduce mask number of sheets. 
[0019] Moreover, when the property of TFT prepared in the semiconductor 
device is considered, it is effective in the thing which reduce the value of loff 
which it is more desirable to form the LDD field of the above 1st in the semi- 
conductor layer, and is one of the property items of TFT and to **. 
[0020] Moreover, the hot carrier generated in the interface of a channel field and 
a drain field can be controlled by forming the LDD field of the above 2nd in a 
semi-conductor layer so that it may be more desirable to have GOLD structure to 
prevent degradation of a semiconductor device and it may lap with a gate 
electrode on both sides of gate dielectric film. 

[0021] In addition, on these specifications, a Loff field, and a call and the LDD 
field of the above 2nd are called a Lov field for the LDD field of the above 1 st. 
[0022] However, it is necessary to form in a Loff field and a Lov field the mask 
which is doping an impurity from a photoresist, respectively at a semi-conductor 
layer, and the increment in the routing counter accompanying the increment in 
mask number of sheets poses a problem. 

[0023] Moreover, in the semiconductor device of the GOLD structure where the 
edge of a gate electrode is located on both sides of gate dielectric film on the 
location between a Loff field and a Lov field, delicate alignment was needed on 
the occasion of the mask formation which consists of a photoresist, and the 
process was complicated. Therefore, the trouble which causes the defect of 
alignment etc. at the time of mask formation occurred in many cases. 
[0024] In order to have formed the semiconductor device of GOLD structure from 



the above thing, on the structure of requiring the detailed position control, the 
trouble in formation of the mask which consists of an increment and photoresist 
of mask number of sheets became a big problem, and had become the factor 
which causes the manufacture increase in cost of a semiconductor device, the 
increment in the time amount which manufacture takes, and the fall of the 
manufacture yield. 

[0025] Then, whether a Loff field and a Lov field being formed in self align, 
without using the mask which consists of a photoresist for forming a LDD field, in 
case the LDD field of the semiconductor device of GOLD structure is formed, and 
this invention persons who were inquiring are devising the quality of the material 
and the dry etching approach of a gate electrode, and invented the production 
approach which dopes an impurity element in self align and forms a Loff field and 
a Lov field. 

[0026] If this approach is used, it can become possible to dope an impurity 
element in a semi-conductor layer in self align, and to form a Loff field and a Lov 
field, mask number of sheets can be reduced conventionally, and the trouble in 
the case of mask formation can also be abolished. Therefore, the manufacturing 
cost of a semiconductor device and the time amount which manufacture takes 
can be decreased. 
[0027] 

[Means for Solving the Problem] In case a semiconductor device is produced, it 
is desirable to have the LDD field. Moreover, it is desirable to form GOLD 
structure for suppressing degradation of a semiconductor device. However, in the 
former, the mask which is forming such a LDD field from a resist needed to be 
formed. Therefore, mask number of sheets increased and the manufacture 
increase in cost had become a problem. However, it becomes possible to form a 
Loff field and a Lov field in self align by this invention, and the mask number of 
sheets which the production process of a semiconductor device takes can be 
reduced, and it becomes reducible [ compaction of production time, and a 
manufacturing cost ]. 



[0028] The edge of the gate electrode in the semiconductor device of GOLD 
structure is constituted so that it may lap with a part of LDD field on both sides of 
gate dielectric film in between. In this invention, the configuration of a gate 
electrode is processed into a taper configuration by dry etching, it repeats using 
the processed gate electrode for a mask and doping it in self align, and it is 
performed. This invention forms a source field, a drain field, a Loff field, and a 
Lov field in a semi-conductor layer by carrying out like this. In addition, when 
doping, in order to form a Lov field in the semi-conductor layer which laps with a 
gate electrode with doping so that an impurity may pass through some gate 
electrodes, the impurity range where high impurity concentration differs, 
respectively is formed in a semi-conductor layer. 

[0029] The 1st process in which this invention forms a semi-conductor layer, and 
the 2nd process which forms gate dielectric film on said semi-conductor layer, 
The 3rd process which forms the 1st electric conduction film on said gate 
dielectric film, and the 4th process which forms the 2nd electric conduction film 
on said 1st electric conduction film, The 5th process which forms the gate 
electrode of 1 time or the 1st configuration of a multiple-times deed for dry 
etching to said 2nd electric conduction film and said 1st electric conduction film, 
The 6th process which forms the 1st impurity range in said semi-conductor layer, 
and the 7th process which performs dry etching to the gate electrode of said 1st 
configuration, and forms the gate electrode of the 2nd configuration, The 8th 
process which performs dry etching alternatively to the 2nd electric conduction 
film which constitutes the gate electrode of said 2nd configuration, and forms the 
gate electrode of the 3rd configuration, By the production approach of a 
semiconductor device of having the 9th process which forms the 2nd impurity 
range in said semi-conductor layer, it is characterized by forming GOLD structure 
in said semiconductor device in self align. 

[0030] In above-mentioned this invention, the quality of the material chosen from 
the nitride which uses refractory metals, such as a tungsten, a tantalum, titanium, 
and molybdenum, or these metals as a component, respectively, or the alloy 



containing these metals is used for said 1st electric conduction film and said 2nd 
electric conduction film. In addition, said 1st electric conduction film and said 2nd 
electric conduction film are made into the different quality of the material. [0031] 
Moreover, the dry etching method which used the high density plasma is applied 
to the above-mentioned dry etching, and the etching system which can control 
independently the power of a plasma generation source and the bias power 
which generates negative bias voltage in a substrate side is used. It turned out 
that the cone angle of a gate electrode can be made smaller by finding out that 
the cone angle of a gate electrode edge is dependent on the bias voltage by the 
side of a substrate, and setting up the bias power of a dry etching system more 
greatly from this invention persons' experimental result. By controlling bias power 
suitably, the gate electrode which has a 5-80-degree cone angle can be formed 
in an edge, and this gate electrode is used for the mask at the time of forming an 
impurity range. 

[0032] moreover, by this detail letter, the side slant face of a conductive layer 
calls the taper section the part which has the taper configuration, and a call and a 
taper configuration for the horizontal plane and the side slant face which has a 
cone angle (it is also called a taper angle), and a call and this cone angle for the 
include angle to make for convenience. 

[0033] Moreover, at said 5th process, dry etching is performed so that a 5-60- 
degree cone angle may be formed in the edge of a gate electrode, and the gate 
electrode of the 1st configuration is formed. 

[0034] Moreover, at said 7th process, dry etching is carried out on condition that 
bias power smaller than the dry etching conditions in the 5th process. The cone 
angle of a gate electrode edge becomes larger than the gate electrode of said 
1st configuration by making bias power small. For this reason, the gate electrode 
of the 2nd configuration where width of face is thinner than the gate electrode of 
the 1st configuration is formed. 

[0035] At said 8th process, dry etching of said 2nd electric conduction film is 
carried out alternatively. The cone angle of the edge in the 2nd electric 



conduction film which constitutes the gate electrode of the 2nd configuration from 
said 8th process is enlarged. On the other hand, at the 8th process, since most 
of the 1st electric conduction film which constitutes the gate electrode of the 2nd 
configuration is not etched, it forms the gate electrode of the 3rd configuration 
where the width of face of the 2nd electric conduction film became thin compared 
with the 1st electric conduction film. 

[0036] The ion doping method is used for forming an impurity range. It is also 
possible to use the ion-implantation other than the ion doping method. In this 
invention, in case an impurity is doped, the gate electrode is used for the mask, 
without using the mask which consists of a photoresist. Therefore, the mask 
number of sheets for producing a semiconductor device is reduced. What is 
necessary is just to dope 13 groups' impurity element represented by boron etc. 
in said the 6th process and said 9th process that what is necessary is just to 
dope 15 groups' impurity element represented by Lynn, the arsenic, etc. in said 
the 6th process and said 9th process if the semiconductor device of n mold is 
formed, if the semiconductor device of p mold is formed. 
[0037] At said 6th process, it passes through gate dielectric film with using the 
gate electrode of the 1st configuration for a mask, and doping an impurity 
element, and the 1st impurity range is formed in the semi-conductor layer located 
in the outside of the 1st configuration. Said 1st impurity range turns into a source 
field or a drain field. 

[0038] In said 9th process, the 2nd impurity range is formed with using the 
electric conduction film of [ 2nd ] the gate electrodes of the 3rd configuration for a 
mask, and doping an impurity element. The 2nd impurity range where high 
impurity concentration is lower than the 1st impurity range is formed in a semi- 
conductor layer by performing dry etching as a dose smaller than conditions 
when the doping conditions in said 9th process form the 1st impurity range, and 
high acceleration voltage. Moreover, an impurity element passes through the 
electric conduction film of [ 1st ] the gate electrodes of the 3rd configuration, and 
gate dielectric film, and is doped by the semi-conductor layer. A Loff field is 



formed in the outside of the gate electrode of the 3rd configuration among the 
2nd impurity range, and a Lov field is formed in the field which laps with the 1st 
electric conduction film which does not lap with the 2nd electric conduction film. 
[0039] The semi-conductor layer which has the LDD field which laps with a 
source field, a drain field, the LDD field located in the outside of a gate electrode, 
and a gate electrode by using the above means, gate dielectric film, and the 
semiconductor device of the GOLD structure of having a gate electrode are 
formed. Moreover, the photo mask taken to form this semiconductor device is 
only two sheets of the photo mask for forming the photo mask and gate electrode 
for forming an island-shape semi-conductor layer. Among those, a gate electrode 
is formed with the mask for forming a gate electrode, and a source field, a drain 
field, a Loff field, and a Lov field are formed in a semi-conductor layer in self align 
using the gate electrode. 

[0040] By reducing mask number of sheets using the above-mentioned means, 
the number of production processes of a semiconductor device and the time 
amount which manufacture takes can be reduced, and it becomes improvable 
[ reduction of a manufacturing cost, and the yield ]. 

[0041] Moreover, GOLD structure can be formed in the semiconductor device 
which has the semi-conductor layer and gate dielectric film which were formed in 
island shape by the same mask number of sheets, and a gate electrode by 
changing dry etching, and the processing sequence and the conditions of 
impurity doping other than the above-mentioned processing. A manufacture 
process concrete as other examples is explained to be the above-mentioned 
configuration below. 

[0042] The 1st process which forms a semi-conductor layer, and the 2nd process 
which forms gate dielectric film on said semi-conductor layer, The 3rd process 
which forms the 1st electric conduction film on said gate dielectric film, and the 
4th process which forms the 2nd electric conduction film on said 1st electric 
conduction film, The 5th process which forms the gate electrode of 1 time or the 
1st configuration of a multiple-times deed for dry etching to said 2nd electric 



conduction film and said 1st electric conduction film, The 6th process which 
forms the 1st impurity range in said semi-conductor layer, and the 7th process 
which performs dry etching alternatively to the 2nd electric conduction film which 
constitutes the gate electrode of said 1st configuration, and forms the gate 
electrode of the 2nd configuration, By the production approach of a 
semiconductor device of having the 8th process which forms the 2nd impurity 
range in said semi-conductor layer, and the 9th process which performs dry 
etching alternatively to the 1st electric conduction film which constitutes the gate 
electrode of said 2nd configuration, and forms the gate electrode of the 3rd 
configuration It is characterized by forming GOLD structure in self align. 
[0043] In above-mentioned this invention, the quality of the material chosen from 
the nitride which uses refractory metals, such as a tungsten, a tantalum, titanium, 
and molybdenum, or these metals as a component, respectively, or the alloy 
containing these metals is used for said 1st electric conduction film and said 2nd 
electric conduction film. In addition, said 1st electric conduction film and said 2nd 
electric conduction film are made into the different quality of the material. 
[0044] The dry etching system which can control independently the power of a 
plasma generation source and the bias power which generates negative bias 
voltage in a substrate side, or the RIE system of an parallel monotonous mold is 
used at dry etching. 

[0045] Moreover, at said 5th process, dry etching is performed so that a 5-60- 
degree cone angle may be formed in the edge of a gate electrode, and the gate 
electrode of the 1st configuration is formed. 

[0046] At said 7th process, the 2nd electric conduction film is alternatively etched 
among the gate electrodes of the 1st configuration. At said 7th process, it 
processes on condition that bias power smaller than the dry etching conditions in 
the 5th process. The cone angle of said 2nd electric conduction membrane end 
section becomes larger than the gate electrode of said 1st configuration by 
making bias power small. Since most of the 1st electric conduction film is not 
etched, the gate electrode of the 2nd configuration where the 2nd electric 



conduction film of width of face is thinner is formed rather than the 1st electric 
conduction film. 

[0047] The ion doping method is used for forming an impurity range. It is also 
possible to use the ion-implantation other than the ion doping method. At said 6th 
process, the gate electrode of the 1st configuration is used for a mask, and the 
1st impurity range is formed in the semi-conductor layer located in the outside of 
the 1st configuration with passing through gate dielectric film and doping an 
impurity element. Said 1st impurity range turns into a source field or a drain field. 
[0048] At said 8th process, the electric conduction film of [ 2nd ] the gate 
electrodes of the 2nd configuration is used for a mask, an impurity element is 
doped, and the 2nd impurity range is formed. The doping conditions of said 8th 
process are performed with a dose smaller than the conditions when forming the 
1st impurity range, and high acceleration voltage, and form in a semi-conductor 
layer the 2nd impurity range where high impurity concentration is lower than the 
1st impurity range. Moreover, an impurity element passes through the electric 
conduction film of [ 1st ] the gate electrodes of the 2nd configuration, and gate 
dielectric film, and is doped by the semi-conductor layer. 
[0049] At said 9th process, dry etching of said 1st electric conduction film is 
carried out alternatively. In the 1st electric conduction film, since the very small 
cone angle is formed in the part which does not lap with the 2nd electric 
conduction film according to the 7th process, the 1st electric conduction film is 
etched from an edge, becomes thin, and forms the gate electrode of the 3rd 
configuration. At this time, the 2nd impurity range is formed in the semi-conductor 
layer which laps with the 1st electric conduction film, and when the 1st electric 
conduction film becomes thin, a part of 2nd impurity range comes to be located in 
the outside of the gate electrode of the 3rd configuration. The field located in the 
gate electrode outside of the 3rd configuration among said 2nd impurity range 
turns into a Loff field, and the field which laps with the gate electrode of the 3rd 
configuration turns into a Lov field. 

[0050] Even if it uses the above means, the semiconductor device which has the 



semi-conductor layer in which the source field, the drain field, the Loff field, and 
the Lov field were formed by two photo-mask number of sheets, and gate 
dielectric film and a gate electrode can be formed. 

[0051] Moreover, it can be said that this invention is in the formation approach of 
a gate electrode about the description. 

[0052] The semi-conductor layer by which this invention was formed on the 
insulating front face, and the insulator layer formed on this semi-conductor layer, 
The 1st process which is the production approach of the semiconductor device 
containing the gate electrode formed on this insulator layer, and forms a semi- 
conductor layer on an insulating front face, The 2nd process which forms an 
insulator layer on said semi-conductor layer, and on said insulator layer, the 1st 
conductive layer, It is the production approach of the semiconductor device 
characterized by including the 3rd process which forms the gate electrode which 
consists of a laminating with the 2nd conductive layer which has a larger cone 
angle than the cone angle in the edge of said 1st conductive layer at the edge. 
[0053] Moreover, in above-mentioned this invention, as shown in drawing 3 or 
drawing 9 , as for the edge of said semi-conductor layer, considering as a taper 
configuration is desirable. 

[0054] In above-mentioned this invention moreover, the edge of said 1st 
conductive layer In order that it may be desirable that it is a taper configuration 
and it may consider as a taper configuration, said 3rd process After performing 
dry etching using chlorine-based gas and fluorine system gas or said chlorine- 
based gas, said fluorine system gas, and 02, It is characterized by forming the 
gate electrode which has a taper configuration at the edge by performing dry 
etching using chlorine-based gas, fluorine system gas, and 02. 
[0055] In addition, the above-mentioned gate electrode is written as the 2nd 
conductive layer which has a larger cone angle (45 degrees - 80 degrees) than 
the cone angle (60 degrees or less, preferably less than 5 degrees) in the edge 
of said 1st conductive layer at the edge, and the 2nd conductive layer is 
characterized by width of face being narrower than the width of face of the 1 st 



conductive layer. 

[0056] In addition, said chlorine-based gas is gas chosen from CI2, BCI3, SiCI4, 
and CCI4. Moreover, said fluorine system gas is gas chosen from CF4, SF6, and 
NF3. 

[0057] Moreover, the semiconductor device equipped with the gate electrode 
which has the taper configuration acquired by the above-mentioned approach is 
also one of the descriptions of this invention. If the gate electrode which consists 
of the 1st conductive layer from which a cone angle differs, and the 2nd 
conductive layer is formed and an impurity element is doped, TFT of GOLD 
structure can be obtained in self align. 

[0058] The configuration is a semiconductor device containing the semi- 
conductor layer formed on the insulating front face, the insulator layer formed on 
this semi-conductor layer, and the gate electrode formed on this insulator layer. 
Said gate electrode It has the laminated structure which uses the 1st conductive 
layer as a lower layer, and makes the upper layer the 2nd conductive layer which 
has a larger taper angle than the cone angle in the edge of said 1st conductive 
layer at the edge. Said semi-conductor layer It is the semiconductor device 
characterized by having the channel formation field which laps with said 2nd 
conductive layer on both sides of an insulator layer in between, the LDD field 
which laps with said 1st conductive layer on both sides of an insulator layer in 
between, and a source field and a drain field. 

[0059] In the above-mentioned configuration, it is characterized by the edge of 
said semi-conductor layer being a taper configuration as shown in drawing 3 or 
drawing 9 . 

[0060] Moreover, in the above-mentioned configuration, as shown in drawing 3 or 
drawing 9 , the edge of said semi-conductor layer is characterized by being 
covered with the insulator layer prepared between said gate electrodes and said 
semi-conductor layers. Moreover, as shown in drawing 3 or drawing 9 , it is 
characterized near the gate electrode by having the taper configuration among 
said insulator layers. 



[0061] 

[Embodiment of the Invention] this invention persons conducted some 
experiments about the gestalt of operation of this invention. It explains below 
using drawing 1 -4. Although the gate electrode structure which used tantalum 
nitride as the lower layer and made the tungsten the upper layer here is 
explained to an example, it is not limited to this gate structure, but the nitride 
which uses as a component the element chosen from a tungsten, a tantalum, 
titanium, molybdenum, silver, copper, etc. or said element, or the alloy which 
combined said element is chosen suitably, and should just carry out a laminating. 
[0062] In this invention, the equipment (it is also hereafter called an ICP method 
dry etching system) which has an ICP (Inductively Coupled Plasma) plasma 
generation source was used for the etching system. The description of an ICP 
method dry etching system is the point which can control independently the ICP 
power which is a plasma generation source, and the bias power which generates 
negative bias voltage in a substrate side, respectively. 
[0063] (Experiment 1) Many properties at the time of etching the tungsten (W) 
film and the tantalum nitride (TaN) film using the above-mentioned ICP method 
dry etching system are explained first. 

[0064] When an ICP method dry etching system is used, ICP power, bias power, 
an etching chamber pressure, and the gas used and its flow rate are in the 
parameter which becomes important by the etching. The conditions of these 
parameters were distributed and the etching rate of W film and the TaN film was 
measured. The result is shown in Table 1 and drawing 1 . 
[0065] 
[Table 1] 
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[0066] In addition, the sample structure used for etching rate measurement forms 
400nm or 300nm of TaN film for W film in sputtering on #by Corning, Inc. 1737 
substrate, and carries out half etching of W film or the TaN film in suitable time 
amount using the mask of the suitable configuration by a photoresist etc. Then, 
the amount of etching of W film or the TaN film was measured with the level 
difference measuring instrument, and the etching rate was computed from the 
etching time at that time. A result is shown in Table 1 and drawing 1 . 
[0067] In Table 1, ICP power is set to 500W, a chamber pressure is fixed by 
1.0Pa, the conditions of bias power and the gas used are distributed, and the 
etching rate is evaluated. 

[0068] Table 1 and drawing 1 (A) are data in which the dependency of the bias 
power of the etching rate of W film and the gas used is shown. It turns out that 
the etching rate of W film is increasing by making an increment and the gas used 
of bias power add oxygen (02). 

[0069] On the other hand, Table 1 and drawing 1 (B) are data in which the 
dependency of the bias power of the etching rate of the TaN film and the gas 
used is shown. Although the etching rate of the TaN film increases with the 
increment in bias power like the etching rate of the above-mentioned W film, it 
turns out by adding oxygen in the gas used that the etching rate is decreasing. 
[0070] When asked for the selection ratio (ratio of W film etching rate and a TaN 



film etching rate) of W film to the TaN film based on the data of Table 1 , in the 
condition that oxygen is not added by the gas used as shown in Table 1 and 
drawing 1 (C), it turned out that it increases to a maximum of 13.695 because the 
selection ratio which was less than one adds oxygen to etching gas. 
[0071] (Experiment 2) In order to verify this result, this invention persons formed 
the TaN film on the glass substrate, elected from the conditions which show the 
sample which formed W film and was further made into the laminated structure 
on it in Table 1, and actually etched. Etching conditions and the optical 
microscope photograph of a result are shown in drawing 2 . 
[0072] Drawing 2 forms the insulator layer which uses silicon as a principal 
component to #by Corning, Inc. 1737 glass substrate, and the silicon 201 
crystallized by heat or laser is formed by the thickness of 55nm as an island- 
shape semi-conductor layer on it. In addition, if it was formed in order that said 
insulator layer layer might prevent emission of the impurity from a glass substrate, 
and it has insulation, membraneous quality and thickness will not ask. 
[0073] As said island-shape semi-conductor layer on said insulator layer is 
covered, gate dielectric film is formed. 

[0074] The TaN film used as the 1st electric conduction film was formed by the 
thickness of 30nm on said gate dielectric film, further, on said 1st electric 
conduction film, W film used as the 2nd electric conduction film was formed by 
the thickness of 370nm, and the mask 202 of a gate electrode and gate wiring 
was formed by the photoresist. 

[0075] It sets to Table 1 and they are conditions 7 (500W and bias power are set 
to 150W, and a chamber pressure is set to 1.0Pa for ICP power.). Gas uses CI2, 
CF4, and 02. The flow rate of gas is [ CI 12 ] 10sccm(s) about 25sccm(s) and 02 
in 25sccm(s) and CF4, respectively. It used and drawing 2 (A) etched the 2nd 
electric conduction film alternatively. 

[0076] Moreover, drawing 2 (B) continues the substrate which etched W film 
alternatively according to conditions 7, and is the conditions 1 (500W and bias 
power are set to 20W, a chamber pressure is set to 1 .OPa for ICP power, and 



gas uses CI2 and CF4.) of Table 1. The flow rate of gas is 30sccm(s) about 
30sccm(s) and CF4 in CI2. It is the photograph of the gate electrode after using 
and etching W film and the TaN film. 

[0077] In drawing 2 (A), W film had the taper configuration of 26 degrees of cone 
angles, about 700-800nm of the edge 203 overflowed into the outside of a resist 
mask, it has come out to it, and it turns out further that the outside remains on 
gate dielectric film, without etching the TaN film 204. 

[0078] Drawing 2 (B) is etching the TaN film and W film into coincidence, and the 
TaN film which remained in the outside of W film of a taper configuration is 
etched completely. 

[0079] Although the experiment 2 was conducted based on the selection ratio of 
W film called for in Table 1 , and Ta film, it has checked that etching could also do 
alternatively the sample which actually has the laminated structure of the TaN 
film and W film. Moreover, the configuration after etching of W film showed that a 
correlation was in the cone angle and bias power of W film in the experiment 1 
and the experiment 2. 

[0080] (Experiment 3) Next, the cone angle by etching of W film was measured. 
The insulator layer which uses silicon as a principal component was formed to 
#by Corning, Inc. 1737 glass substrate, 400nm of W film was formed on it, and 
patterning of the mask of 3.5-micrometer Rhine which consists of a photoresist 
next was carried out. The 60-degree cone angle is formed in the photoresist 
edge at this time. 

[0081] In addition, if said insulator layer was prepared in order to prevent the 
impurity emission from a glass substrate during etching of W film, and it has 
selectivity to the etching conditions of W film, neither a class nor thickness will 
ask. Bias power and the gas used were distributed, the above-mentioned sample 
was etched, the cross-section configuration was observed in SEM (Scanning 
Electron Microscopy), and the cone angle was measured. 
[0082] A result is shown in Table 1 and drawing 1 (D). If it increases while bias 
power is 50-250W, although it becomes small gently to 37-18 degrees, when 



bias power is 20W, the cone angle of W film will turn into 70-80 degrees of cone 
angles, and will serve as a configuration near a perpendicular. 
[0083] This invention makes a gate electrode the two-layer structure of the gate 
electrode which consists of the 2nd electric conduction film formed on the gate 
electrode which consists of the 1st electric conduction film, and this gate 
electrode. The gate electrode which consists of the 2nd electric conduction film 
by controlling the gas used in dry etching is etched alternatively, And it is the 
manufacture approach of the semiconductor device characterized for the cone 
angle of the edge of a gate electrode by control by controlling the bias power 
which generates negative bias voltage in a substrate side in dry etching. By 
processing the configuration of a gate electrode free and using for the mask at 
the time of doping, in self align A source field, It is the manufacture approach of 
the semiconductor device characterized by doping an impurity to the LDD field 
which has a drain field, a Loff field, and a Lov field, and forming a source field, a 
drain field, a Loff field, and a Lov field in it. 

[0084] (Gestalt of operation) How to form a source field, a drain field, a Lov field, 
and a Loff field in a semi-conductor layer in self align by doping which actually 
used the gate electrode as the mask next using the result of said experiment 1 , 
experiment 2, and experiment 3 using drawing 3 which is the sectional view 
showing one edge of a gate electrode is explained in detail. 
[0085] First, the following samples are prepared. In order to prevent diffusion of 
the impurity from a glass substrate on a glass substrate 301, the insulator layer 
202 which uses silicon as a principal component is formed. Next, the sample 
which consists of gate-dielectric-film 304A of the 1st configuration formed so that 
the semi-conductor layer 303 and it which were formed in island shape might be 
covered is prepared. 

[0086] The TaN film which turns into the 1st electric conduction film at said 
sample is formed by 30nm thickness, and W film which turns into the 2nd electric 
conduction film on said 1st electric conduction film is formed by the spatter by 
370nm thickness. A mask is formed in a photoresist so that it may lap in said 



island-shape semi-conductor layer and island-shape channel field. 
[0087] The 1st dry etching is performed. ( Drawing 3 (A)) Etching conditions set 
500W and bias power to 150W, and set a chamber pressure to 1 .OPa for ICP 
power, and gas uses CI2, CF4, and 02. A quantity of gas flow sets 25sccm(s) 
and CF4 to 25sccm(s), and sets 02 to 10sccm(s) for CI2, respectively. This 
etching condition is conditions of 7 shown in drawing 1 , the taper configuration of 
26 degrees of cone angles can be formed in W film, and the selection ratio of W 
film to the TaN film is about 2.5. Here, dry etching of the W film is alternatively 
carried out using this condition. In addition, by etching, monitoring of the 
luminescence reinforcement of the plasma is carried out, and the point of W film 
ending [ etching ] is detected. 

[0088] After termination check appearance, it was desirable to perform over 
etching so that an etch residue etc. might not occur, but in order to prevent the 
TaN film being superfluously etched by the over etching of long duration, 10% of 
over etching was performed here. 

[0089] By the 1 st dry etching of the above, W film which is the 2nd electric 
conduction film is set to gate electrode (2nd conductive layer) 306A of the 1st 
configuration which has a 26-degree cone angle, and although 13-14nm of TaN 
film which is the 1st electric conduction film is etched by over etching, it will be in 
the condition of remaining in the whole surface to the substrate, and it is set to 
1st electric conduction film 305A. 

[0090] Moreover, the 1st dry etching of the above may use the gas chosen as 
etching gas from fluorine system gas, such as chlorine-based gas, such as CI2, 
BCI3, SiCI4, and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which 
makes these a principal component. 

[0091] At this time, gate-dielectric-film 304A is not etched, in order that the TaN 
film may carry out the role of a stopper layer. 

[0092] A photoresist is not removed continuously but the 2nd dry etching is 
performed. Etching conditions set 500W and bias power to 20W, and set the 
chamber pressure to 1.0Pa for ICP power, and gas used CI2 and CF4. The 



quantity of gas flow set CI2 to 30sccm(s), and set CF4 to 30sccm(s), respectively. 
This is the conditions of 1 shown in Table 1, and Wfilm and the TaN film are 
etched by the almost same etching rate, and it serves as the gate electrodes 
305B and 306B of the 2nd configuration. 

[0093] Moreover, in the case of the 2nd dry etching, at the time of the over 
etching of the TaN film, about 13.8-25.8nm of gate dielectric film of the 1st 
configuration is etched, and it is set to gate-dielectric-film 304B of the 2nd 
configuration. 

[0094] Moreover, the 2nd dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0095] Next, a photoresist is not removed, but 1st doping is performed and a 
source field and a drain field are formed in the semi-conductor layer 303. Here, in 
order to form a n-type-semiconductor layer, Lynn was doped with dose 1 .5x1 01 5 
atoms/cm2 and the acceleration voltage of 80kV. The source field and the drain 
field 308 of n mold are formed in the semi-conductor layer by which Lynn was 
doped. ( Drawing 3 (B)) 

[0096] Next, a photoresist is not removed but the 3rd dry etching is performed. 
( Drawing 3 (C)) Photoresist 307A is photoresist 307B of the 2nd configuration by 
the 2nd dry etching. The etching conditions of the 3rd dry etching set 500W and 
bias power to 20W, and set the chamber pressure to 1 .OPa for ICP power. Gas 
used CI2 and CF4. The quantity of gas flow set CI2 to 30sccm(s), and set CF4 to 
30sccm(s), respectively. 

[0097] Both W film and the TaN film are etched by this 3rd dry etching. By the 3rd 
dry etching, the taper section of the gate electrode formed of the 1st and 2nd dry 
etching of the above serves as a bigger include angle, the width of face of a gate 
electrode becomes thin, and the gate electrodes 305C and 306C of the 3rd 
configuration are formed. 

[0098] Gate-dielectric-film 304B of the 2nd configuration which does not lap with 



gate electrode 305B of the 2nd configuration is etched a little in the case of this 
3rd dry etching. Moreover, the gate dielectric film put to the plasma is also etched 
gradually, and gate-dielectric-film 304C of the 3rd configuration which has a taper 
configuration is formed as the gate electrode of the 2nd configuration is etched 
and width of face becomes thin to the gate electrode of the 3rd configuration. 
Here, about 60nm gate dielectric film is etched by performing the 3rd dry etching. 
[0099] Moreover, the 3rd dry etching can use the gas chosen as etching gas from 
fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, and 
CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0100] In addition, when SF6 is used for the gas which W film and the TaN film 
etch in the case of the 3rd dry etching, since a high selection ratio can be 
obtained to gate dielectric film, it is desirable. 

[0101] When using SF6 for the gas used by the 3rd dry etching, using a chamber 
pressure as 1.3Pa for ICP power using 500W and bias power as 10W, CI2 and 
SF6 are used for etching gas, CI2 is set to 20sccm(s) and SF6 is set to 
40sccm(s) for a quantity of gas flow, respectively. In the etching rate of W film, at 
this time, 129.5 nm/min and the etching rate of gate dielectric film serve as 14.0 
nm/min, and the selection ratio of W film to gate dielectric film is set to 9.61 . If 
said 3rd dry etching is performed on this condition, only about 5nm of gate 
dielectric film will not be etched. 

[0102] Moreover, the experiment which evaluates the etching rate of W film, Si02 
film, and the TaN film by conditions other than the above-mentioned condition 
was conducted using CI2 and SF6, or CI2, SF6 and 02. The experimental result 
is shown in Table 2. 
[0103] 
[Table 2] 




[0104] What is necessary is just to use the conditions of Table 2 for it, choosing 
them as it suitably, when using CI2 and SF6, or CI2, SF6 and 02 for the gas 
used by the 3rd dry etching. 

[0105] Subsequently, a photoresist is not removed but the 4th dry etching is 
performed. ( Drawing 3 (D)) In addition, by the 2nd dry etching, a configuration 
changes and photoresist 307B has 3rd configuration 307C. The etching 
conditions of the 4th dry etching set 500W and bias power to 20W, and set the 
chamber pressure to 1.0Pa for ICP power, and the gas used was set to CI2, CF4, 
and 02. The quantity of gas flow set 25sccm(s) and CF4 to 25sccm(s), and set 
02 to 10sccm(s) for CI2, respectively. 

[0106] By this 4th dry etching, a 70-degree still bigger cone angle is formed in the 
edge of the gate electrode (W film) of the 3rd configuration by setting bias power 
to 20W. Width of face of W film of a gate electrode is made still thinner, and gate 
electrode 306D of the 4th configuration is formed. The gate electrode of the 4th 
configuration which has gate electrode 306D with thin width of face compared 



with gate electrode 305D by the 4th dry etching is formed. 
[0107] Moreover, the edge of the TaN film of the gate electrode of the 4th 
configuration is exposed by etching W film of the gate electrode of the 3rd 
configuration alternatively with this 4th dry etching. From Table 1, the etching 
rates of the TaN film prepared in the lower layer of a gate electrode since 02 was 
added to the etching gas of the 4th dry etching are 20.67 nm/min, and since it is 
late compared with W film which has the etching rate of 124.62 nm/min, they are 
hardly etched. 

[0108] Therefore, of the 4th dry etching, the TaN film prepared in the lower layer 
of the gate electrode of the 4th configuration has the same width of face as the 
width of face of the gate electrode of the 3rd configuration, and gate electrode 
305D of the 4th configuration which has a taper configuration is formed in the 
edge. 

[0109] Moreover, the 4th dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[01 10] In addition, in the case of the 4th dry etching, gate-dielectric-film 304C of 
the 3rd configuration which does not lap with gate electrode 305C of the 3rd 
configuration is etched a little, and gate-dielectric-film 304D of the 4th 
configuration is formed. 

[0111] About 57-73nm of gate dielectric film which does not lap with gate 
electrode 305D of the 4th configuration by the 3rd and 4th dry etching is etched, 
and a maximum of about 88nm of gate dielectric film is etched by the 1st - the 
4th dry etching. 

[0112] However, the 2nd, 3rd, and 4th etching and when SF6 is used for etching 
gas especially in the 3rd etching, only a maximum of about 20nm of gate 
dielectric film is not etched. 

[01 13] By the 1st, 2nd, 3rd, and 4th dry etching, as mentioned above, the 
configuration in the direction of channel length where gate electrode 305D is 



longer than gate electrode 306D, Namely, the 1st gate dielectric film 309 which 
has large width of face and has the 1st thickness in the field in which gate- 
dielectric-film 304D of the 4th configuration laps with said gate electrode (TaN 
film), The 2nd gate dielectric film 310 which has the 2nd thickness on the outside 
of said 1st gate electrode, The 3rd gate dielectric film 31 1 which changes from 
the 1st thickness to the 2nd thickness between said 1st field and said 2nd field, It 
becomes the configuration which has for convenience the 4th gate dielectric film 
312 which laps with gate electrode 306D of said 4th configuration among said 1st 
gate dielectric film 309. The 1st gate dielectric film containing said 4th gate 
dielectric film was the thickest, and the gate dielectric film and the gate electrode 
which are characterized by the 2nd gate dielectric film being the thinnest were 
formed. 

[01 14] In addition, what is necessary is just to process the 1st and 2nd dry 
etching continuously by changing conditions by the same chamber in said 1st, 
2nd, 3rd, and 4th dry etching by changing conditions by the same chamber also 
about the 3rd and 4th dry etching that what is necessary is just to process 
continuously. 

[0115] If the 4th dry etching of the above is completed, mask 307D which 
deformed by the 4th dry etching and became the 4th configuration will be 
removed. Here, 02 gas plasma removed mask 307D using the dry etching 
system of a RIE method. 

[0116] Next, the n-type-semiconductor layer which uses the gate electrode of the 
4th configuration for a mask, performs 2nd doping, and turns into the semi- 
conductor layer 303 with a LDD field in self align is formed. ( Drawing 3 (E)) 
Corresponding to four fields in said 1st [ the ] - the 4th gate dielectric film, a field 
is specified also as the semi-conductor layer 303 for convenience also here. 
[0117] The semi-conductor layer which laps with the field of the 1st gate dielectric 
film is used as the 1st semi-conductor layer 313, use as the 3rd semi-conductor 
layer 314 the semi-conductor layer which laps with the field of the 3rd gate 
dielectric film, and let the semi-conductor layer which laps with the field of the 4th 



gate dielectric film be the 4th semi-conductor layer 315. The 4th semi-conductor 
layer 315 serves as a channel field, and when a semiconductor device is on, it is 
a field where a current flows here. 

[0118] However, since a source field or the drain field 308 is in agreement with 
the 2nd gate dielectric film, it uses as it is as 2nd semi-conductor layer 308. 
[01 19] At this time, it is important that an impurity is doped by the 1st semi- 
conductor layer 313 through gate electrode 305D and the 1st gate dielectric film 
309. 

[0120] Lynn is used for a dopant and the LDD field of n mold with high impurity 
concentration lower than the source field or the drain field 308 formed in the 1st 
semi-conductor layer 313 and the 3rd semi-conductor layer 314 with the 1st 
doping by setting doping conditions into dose 3.5x1012 atoms/cm2, and setting 
acceleration voltage to 90kV is formed. 

[0121] Since the 1st semi-conductor layer 313 has lapped with gate electrode 
305D on both sides of gate dielectric film 309 in said LDD field, it becomes a Lov 
field. 

[0122] The semi-conductor layer 313 to 315 and 308 become a different semi- 
conductor layer of high impurity concentration by 2nd doping, respectively, and it 
is characterized by the value [ in / compared with a value / in / the value in a 
source field and the drain field 308 is high No. 1, and the value in the channel 
field 315 is low No. 1, and / the Loff field 314 / the Lov field 313 ] of the high 
impurity concentration being lower. 

[0123] compared with a Loff field, the high impurity concentration of a Lov field 
becomes low -- the Loff field 314 and the Lov field 313 - it is because the film 
located in each upper layer differs from those thickness differences. When 
running through the film formed on the semi-conductor layer and doping an 
impurity in a semi-conductor layer, if the thickness and membraneous quality on 
a semi-conductor layer differ from each other, the amounts of impurities which 
reach a semi-conductor layer differ, and the high impurity concentration of a 
semi-conductor layer differs. 



[0124] The 3rd gate dielectric film 31 1 which is changing from said 1st thickness 
to the 2nd thickness is formed in the upper layer of the Loff field 314. 
[0125] On the other hand, the 1st gate dielectric film 309 which has said 1st 
thickness is formed in the upper layer of the Lov field 313, and gate electrode 
305D of the 4th configuration is formed on said 1st gate dielectric film. 
[0126] When an impurity element is doped for this reason, compared with a Loff 
field, the amount of attainment of the impurity of a Lov field decreases, and the 
high impurity concentration of a Lov field becomes low compared with a Loff field. 
[0127] With the gestalt of this above-mentioned implementation, the gate 
electrode was made two-layer and the gate electrode was processed free by 
being characterized by to form the taper configuration of 26-70 degrees in the 
edge of a gate electrode (W film), and etching a gate electrode (W film) 
alternatively to a gate electrode (TaN film). And with using said gate electrode for 
a mask and doping an impurity, the source field, the drain field, the Lov field, and 
the Loff field were able to be formed in the island-shape semi-conductor layer in 
self align, and the semiconductor device of n mold of GOLD structure was able to 
be formed. 

[0128] Moreover, although the LDD field which uses a gate electrode for a mask 
with the gestalt of this above-mentioned implementation, and has a Loff field and 
a Lov field in self align was formed, in case a semiconductor device is actually 
produced, those channel length lay length (it is henceforth called simply LDD 
length, Loff length, and Lov length) influences the property of a semiconductor 
device. And the optimal die length of said LDD length, Loff length, and Lov length 
changes with purposes of using the semiconductor device. It is required that the 
die length of said LDD length, L<SUB>off length, and Lov length should be 
controllable for every manufacture process. 

[0129] The structure in which a LDD field, a Loff field, and a Lov field are again 
formed here using drawing 3 is explained. 

[0130] From drawing 3 (B), LDD length is in agreement with the die length of the 
direction component of channel length of the taper section located in the outside 



of the resist of the gate electrodes 305B and 306B which has the 2nd 
configuration formed of the 2nd dry etching. From drawing 3 (C), Loff length is in 
agreement with the die length by which gate electrode 305B was etched in the 
direction of channel length by the 3rd dry etching. Moreover, from drawing 3 (C), 
Lov length is in agreement with the die length which only gate electrode 306B 
was alternatively etched by the 4th dry etching, and was etched in the direction of 
channel length. 

[0131] That is, what is necessary is just to control [ that what is necessary is just 
to control the include angle of the taper section of the gate electrode obtained by 
the 1st and 2nd dry etching to control LDD length ] that what is necessary is just 
to control to control Loff length, the amount of etching, i.e., the etching time, of a 
gate electrode (TaN film) by the 3rd dry etching, to control Lov length, the 
amount of etching, i.e., the etching time, of a gate electrode (W film) by the 4th 
dry etching. 

[0132] Then, the Loff length and Lov length at the time of distributing the etching 
time in the 3rd and 4th dry etching were measured having used as 26 degrees 
the cone angle of the gate electrode obtained by the 1st and 2nd dry etching, and 
it collected into Table 3. 



[0133] 
[Table 3] 
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[0134] In addition, although the sum total of the thickness of the gate electrode 
which consists of the gate electrode and the 2nd electric conduction film which 
consist of the 1st electric conduction film here is 400nm and LDD field length is 
set to about 820nm, about 100 morenm becomes long in fact by etching to the 
direction of channel length of the resist mask by the 3rd and 4th dry etching. 
[0135] It has checked that Loff length became long and Lov length became short 



by increasing the 3rd etching time and decreasing the 4th etching time when 
evaluation of Loff length and Lov length is performed on three conditions by 
setting the 3rd and 4th etching time to a total of 80 sec(s). Loff length and Lov 
length made LDD length max, and it found out that those die length was 
controllable by the 3rd and 4th dry etching free. 
[0136] (Example) 

By [example 1] this example, it has n mold and a p type semiconductor layer by 
five mask number of sheets using the technique of this invention, TFT is 
produced, and the process which manufactures the liquid crystal display of a 
reflective mold is explained in detail. 

[0137] In this example, the #1737 glass substrate 501 of Corning, Inc. belonging 
to barium borosilicate glass or alumino borosilicate glass was used. A quartz 
substrate, a silicon wafer, or a plastic plate with thermal resistance may be used 
for others. 

[0138] The substrate film 502 is formed to the field which produces TFT of a 
substrate 501. This should just be film which has the insulation which prevents 
diffusion of the impurity from a substrate 501 and used silicon, such as an 
oxidation silicone film, a silicon nitride film, and an oxidation silicon nitride film, as 
the principal component. What is necessary is to choose one sort or two kinds or 
more from these insulator layers in plasma CVD or a spatter, to carry out a 
laminating if needed, and just to form membranes. The substrate film was made 
into two-layer structure in this example. 

[0139] 10-200nm (preferably 50-1 OOnm) formation of the oxidation silicon nitride 
film which boils insulator layer 502a of the 1st layer by the plasma-CVD method, 
and is formed more considering SiH4, NH3, and N20 as reactant gas is carried 
out. In this example, substrate film 502a of the 1st layer was used as the 
oxidation silicon nitride film (presentation ratio Si= 32%, 0= 27%, N= 24%, H= 
17%), and 50nm formed membranes. 

[0140] Next, substrate film 502b of a two-layer eye is formed. Laminating 
formation of the oxidation silicon nitride film 502b formed considering SiH4 and 



N20 as reactant gas by the plasma-CVD method is carried out at the thickness 
of 50-200nm (preferably 100 to 150nm). In this example, oxidation silicon nitride 
film of 100nm of thickness 502b (presentation ratio Si= 32%, 0= 59%, N= 7%, 
H= 2%) was formed. 

[0141] Continuously, the semi-conductor layers 503-507 are formed on the 
substrate film 502. After the semi-conductor layers 503-507 form membranes 
with well-known means, such as a plasma-CVD method and a spatter, by using 
the well-known crystallizing method, such as laser crystallization and heat 
crystallization, they crystallize an amorphous layer and form an island-shape 
semi-conductor layer through a patterning process. A semi-conductor layer is 
formed by the thickness of 25-80nm (preferably 30-60nm). At this time, it is good 
for the ingredient of a semi-conductor to be formed with alloys, such as silicon 
and silicon germanium, etc. 

[0142] After forming 55nm of amorphous silicone films by the plasma-CVD 
method, the solution containing nickel was made to hold on an amorphous 
silicone film in this example. It heat-treats for 1 hour at the furnace which heated 
this amorphous silicone film at 500 degrees C, and dehydrogenation is 
performed, the temperature of a furnace is gone up after that and heat 
crystallization is performed at 550 degrees C for 4 hours. In order to urge 
crystallization furthermore, laser annealing processing was performed and the 
crystalline substance silicone film was formed. 

[0143] Moreover, in case an amorphous silicone film is formed, it is desirable to 
form membranes continuously, without putting to atmospheric air in another 
chamber via the same chamber as substrate film 502b, or the spare room by 
which evacuation was carried out, in order to prevent contamination by an 
impurity etc. to the interface of substrate film 502a of the 1st layer, substrate film 
502b of a two-layer eye, and the semi-conductor layers 503-507. 
[0144] The mask of the required part was carried out for this crystalline 
substance silicone film with photolithography, and the island-shape semi- 
conductor layers 503-507 were formed in dry etching. The edge of the semi- 



conductor layer which consists of a crystalline substance silicone film by etching 
a crystalline substance silicone film into dry etching together with a photoresist by 
using fluorine system gas including CF4 and 02 for process gas serves as a 
taper configuration, and the coverage in membrane formation of subsequent gate 
dielectric film and an interlayer insulation film becomes good, this example -- an 
RIE system -- using - the etching chamber pressure of 13.3Pa, and RF power 
500W -- carrying out ~ process gas -- O - the crystalline substance silicone film 
was etched by carrying out a CF4=50sccm inflow 2= 45 seem, and the semi- 
conductor layers 503-507 which consist of a crystalline substance silicone film of 
22-38 degrees of cone angles which carries out taper ****** were formed in the 
edge. 

[0145] In the semi-conductor layers 503-507, a minute amount impurity element 
(15 group atoms, such as 15 group atoms, such as boron, or Lynn) may be 
added to a channel field for threshold control of TFT. At this example, all over the 
semi-conductor layers 503-507, dose 5x1013 atoms/cm2 was performed for 
boron, and acceleration voltage was doped on 30kV conditions. 
[0146] As gate dielectric film 508 covers the semi-conductor layers 503-507, it is 
formed on an insulator layer. Gate dielectric film 508 is formed by the thickness 
of 40-1 50nm using well-known approaches, such as a plasma-CVD method or a 
spatter. The oxide film of metals, such as an oxide film which made silicon the 
subject and a nitride or a tantalum, and aluminum, is used for the ingredient of 
gate dielectric film. At this example, it formed by the plasma-CVD method with 
the oxidation silicon nitride film (presentation ratio Si= 32%, 0= 59%, N= 7%, H= 
2%) with a thickness of 1 15nm. Moreover, although gate dielectric film 508 was 
formed in the monolayer in this example, it is good also as structure which 
carried out the laminating of the quality of the material chosen from the oxide film 
of metals, such as the insulator layer or tantalum which made silicon the subject, 
and aluminum, etc. more than two-layer. 

[0147] Moreover, when using an oxidation silicone film, TEOS (Tetraethyl 
Orthosilicate) and 02 can be mixed by the plasma-CVD method, and it can 



consider as the reaction pressure of 40Pa, and the substrate temperature of 300- 
400 degrees C, it can be made to be able to discharge by RF (13.56MHz) power 
flux density 0.5 - 0.8 W/cm2, and can be made to form. Thus, the oxidation 
silicone film produced can acquire a property good as gate dielectric film by 400- 
500-degree C heat annealing after that. 

[0148] Next, the 1st electric conduction film 509 and the 2nd electric conduction 
film 510 are formed on gate dielectric film 508. It is desirable that it is the quality 
of the material which has low resistivity and thermal resistance on each electric 
conduction film, and it forms from the nitride which uses as a component the 
element chosen from a tungsten, a tantalum, titanium, molybdenum, silver, 
copper, etc., or said element, or the alloy which combined said element. 
[0149] Said 1st electric conduction film 509 and the 2nd electric conduction film 
510 function as a gate electrode and gate wiring according to a next process. 
The gate electrode which it is characterized by this invention making a gate 
electrode two-layer, and the gate electrode which consists of the 1st lower layer 
electric conduction film 509 has 20-1 OOnm thickness, and consists of the 2nd 
upper electric conduction film 510 is a gate electrode which has 100-400nm 
thickness. 

[0150] In this example, TaN was chosen as the 1st electric conduction film, and 
30nm formed membranes by the spatter. As for the 2nd electric conduction film 
510, it is desirable to form membranes with the same equipment as the 
equipment which formed the 1st electric conduction film 509, and it is desirable to 
form membranes continuously with the equipment which has two or more targets 
in one membrane formation chamber, or the equipment which has two or more 
membrane formation chambers. It is for making it contamination by the impurity 
not arise in the interface of the 1st electric conduction film and the 2nd electric 
conduction film by forming membranes continuously, without being put to 
atmospheric air with the same equipment. 

[0151] The tungsten (W) was chosen as the 2nd electric conduction film 510, and 
370nm formed membranes in the spatter similarly. A tungsten can also be 



formed by the plasma-CVD method. However, it is desirable to carry out the 
resistivity of W film for using it as a gate electrode at 20 or less microomegacm. 
In this example, resistivity 9 - 20microomegacm were realizable by having 
considered enough and having formed membranes so that there might be no 
mixing of the impurity out of a gaseous phase further using the purity of 
99.9999%, or 99.99% of tungsten target at the time of membrane formation. 
[0152] Next, dry etching of said 1st electric conduction film and the 2nd electric 
conduction film is carried out using the resist mask by photolithography, and a 
gate electrode and gate wiring are formed. The resist masks 51 1-517 are formed 
on the 2nd electric conduction film. 

[0153] In this example, the dry etching system which carries the plasma 
generation source of an ICP (InductivelyCoupled Plasma) method was used for 
the dry etching of a gate electrode. Here, it explains, making drawing 3 , drawing 
5 , and drawing 6 correspond. The gate electrode 305 after each dry etching, the 
gate electrode 306 and gate dielectric film 304, and a photoresist 307 are shown 
in a detail at drawing 3 . At the 1st dry etching process, said 2nd electric 
conduction film 306A is etched alternatively, and gate electrode 305A [ which has 
the 1st configuration ] and gate wiring, and gate electrode 306A, and gate wiring 
are formed. Only a gate electrode is illustrated to drawing 3 and it does not 
illustrate about gate wiring here to it. 

[0154] In this example, ICP power was set to 500W, 150W and an etching 
chamber pressure were set [ dry etching conditions ] to 1 .OPa for bias power, and 
CI2, CF4, and 02 were used for process gas. The quantity of gas flow set 
25sccm(s) and CF4 to 25sccm(s), and set 02 to 10sccm(s) for CI2, respectively. 
[0155] Moreover, the tungsten which is the 2nd electric conduction film is etched 
alternatively, and the taper configuration of about 23 degrees of cone angles is 
formed in the edge here. In order that the etching rate of a tungsten may go up 
because 02 is contained in process gas, and the etching rate of the TaN film 
may decrease, a gate electrode (W film) is etched alternatively, and a result in 
which the small gate electrode of a cone angle is formed by setting bias power as 



150W is brought. 

[0156] Moreover, the 1st dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0157] Since gate electrode 305A remains all over the substrate only by about 
13-14nm being etched by the over etching of gate electrode 306A, the gate 
dielectric film located in the lower layer has the configuration shown in 304A, 
without being etched. 

[0158] The 2nd dry etching process is performed continuously. The mask by the 
photoresist is 1st configuration 307A by the 1st etching. This photoresist 307A is 
used as it is without removing. Moreover, what is necessary is to change 
conditions in etching and just to process in the same equipment and the same 
chamber. 

[0159] Said gate electrode (TaN film) and a gate electrode (W film) are etched 
into coincidence by modification of the process gas in dry etching, and process 
conditions, and gate electrode 305B and gate electrode 306B which have the 
2nd configuration are formed. In this example, ICP power was set to 500W, 20W 
and an etching chamber pressure were set to 1.0Pa for bias power, and CI2 and 
CF4 were used for process gas. The quantity of gas flow set CI2 to 30sccm(s), 
and set CF4 to 30sccm(s), respectively. 

[0160] The cone angle of a gate electrode edge becomes large by making bias 
power smaller than the 1st dry etching process, and the width of face of a gate 
electrode becomes thin. Since it is the conditions in which 02 furthermore is not 
contained in process gas, a tungsten and the TaN film are etched into 
coincidence, and gate electrode 305B and gate electrode 306B which have the 
2nd configuration form them. At this time, about 13.8-25.8nm gate-dielectric-film 
304A is etched at the time of the 2nd dry etching, and has become gate- 
dielectric-film 304B of the 2nd configuration. 

[0161] Moreover, the 2nd dry etching may use the gas chosen as etching gas 



from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0162] The semi-conductor layer which laps with the taper section on both sides 
of gate dielectric film in the gate electrode of the 2nd configuration serves as a 
LDD field by performing 3rd next doping. In this example, the die length of a LDD 
field turns into die length with which the thickness of a gate electrode doubled 
100nm of etching **** to the direction of channel length of 820nm and a resist 
mask by 400nm since the cone angle was about 26 degrees. 
[0163] The resist mask is 2nd configuration 307B by the 2nd dry etching. The 
2nd doping process which continues without removing this resist mask 307B is 
performed, and a n-type-semiconductor layer is formed. The impurity element (15 
groups' element which is represented by Lynn and the arsenic) which gives the 
gate electrode of the 2nd configuration to a mask and gives n mold to a source 
field or a drain field is doped. 

[0164] At this example, the impurity range of 1x1020 - 1x1021 atoms/cm3 was 
formed in a source field or the drain fields 208-21 1 in self align with doping dose 
1.5x1015 atoms/cm2 and acceleration voltage for Lynn as 80kV. ( Drawing 3 (A)) 
[0165] In addition, drawing 3 (A) corresponds with drawing 5 (B), gate electrode 
305B which has the 2nd configuration corresponds to 518-524, and gate 
electrode 306B supports 525-531. However, 521, 524, 528, and 531 are not gate 
electrodes. Moreover, a source field or the drain fields 208-21 1 support 532-536. 
However, 536 is not a source field and a drain field. 

[0166] Next, the 3rd dry etching process is performed, without removing a resist 
mask. At the 3rd dry etching process, further, with the 2nd configuration, both 
gate electrode 305B of said 2nd configuration and gate electrode 306B are 
etched, and the taper section which existed about 26 degrees of cone angles is 
etched so that it may become a bigger include angle, and gate electrode 305C of 
the 3rd configuration and gate electrode 306C are formed. 
[0167] The semi-conductor layer 314 which laps with gate electrode 305B of the 



2nd configuration which does not lap with gate electrode 305C of the 3rd 
configuration on both sides of gate dielectric film serves as a Loff field according 
to the 3rd next doping process. The amount of etching to the direction of channel 
length of said gate electrode 305C is controlled by 3rd dry etching time amount, 
and the die length of a Loff field is controlled by it. 

[0168] An etching system uses an ICP method dry etching system again. Etching 
conditions set ICP power to 500W, and set 20W and an etching chamber 
pressure to 1.0Pa for bias power. Gas used CI2 and CF4. The quantity of gas 
flow set CI2 to 30sccm(s), and set CF4 to 30sccm(s), respectively. The gate 
electrodes 305B and 306B which have the 2nd configuration are etched, and the 
gate electrodes 305C and 306C which have the 3rd configuration as mentioned 
above are formed. At this time, etching time was adjusted so that the amount of 
etching to the direction of channel length of gate electrode 305C which serves as 
Loff length substantially might be set to 480nm. 

[0169] Moreover, the 3rd dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0170] The gate dielectric film which does not lap with said gate electrode 305C 
by the 3rd etching is etched, and serves as gate-dielectric-film 304C of the 3rd 
configuration. 

[0171] The 4th dry etching process is performed continuously. The resist mask 
serves as 3rd configuration 307C by the 3rd etching. This resist mask 307C is 
used as it is without removing. What is necessary is to change etching conditions 
and just to process in the same equipment and the same chamber. By the 4th 
etching, gate electrode 306C is etched alternatively again. The way of gate 
electrode 305C acquires a long configuration in the direction of channel length 
compared with gate electrode 306C by processing on conditions into which gate 
electrode 305C is not etched. 

[0172] Moreover, in the gate electrode of the 4th configuration acquired by the 



3rd etching, the semi-conductor layer 313 which laps with the gate electrode 
(TaN film) which does not lap with a gate electrode (W film) on both sides of gate 
dielectric film serves as a Lov field by 3rd next doping. 

[0173] A Lov field is formed by the die length which lengthened the die length of 
Loff determined by the 3rd dry etching from the die length of a LDD field. 
[0174] In this example, ICP power was set to 500W and 20W and an etching 
chamber pressure were set to 1.0Pa for bias power. Gas used CI2, CF4, and 02. 
The quantity of gas flow set 25sccm(s) and CF4 to 25sccm(s), and set 02 to 
10sccm(s) for CI2, respectively. The gate electrode (W film) of the 3rd 
configuration was etched alternatively, and gate electrode 306D which has the 
4th configuration where width of face is thinner than gate electrode 306C of the 
3rd configuration, by enlarging the cone angle of an edge further was formed. 
[0175] Moreover, only about 7nm (TaN film) of gate electrodes is not etched, but 
gate electrode 305D of the 4th configuration of the almost same width of face as 
gate electrode 305C of the 3rd configuration is formed. 
[0176] When only one side of a gate electrode estimated compared with gate 
electrode 306D, gate electrode 305D of the 4th configuration became a 
configuration long 420nm (the whole gate width 840nm), and secured the 420nm 
Lov field 313 in this example. 

[0177] Moreover, the 4th dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0178] In addition, drawing 3 (D) corresponds with drawing 5 (C), gate electrode 
305D which has the 4th configuration corresponds to 538-544, and gate 
electrode 306D supports 545-551. However, 541, 544, 548, and 551 are not gate 
electrodes. 

[0179] Mask 307D formed of the photoresist is removed after the 4th dry etching 
termination. What is necessary is just to remove by well-known approaches, such 
as ashing by the mixed gas of 02 ashing, H20 ashing or 02, and H20, ashing 



processing which added fluorine system gas, such as nitrogen or CF4, in said 
ashing gas, or removal with a drug solution. In this example, 02 ashing removed 
mask 307D using the dry etching system of a RIE method. 
[0180] Next, the 3rd doping process for forming a LDD field is performed. 
( Drawing 3 (E)) Gate electrode 306D of said 4th configuration is used for a mask, 
and a n-type-semiconductor layer with low high impurity concentration is formed 
in the semi-conductor layers 313 and 314 compared with said source field and a 
drain field. In the semi-conductor layer 313, in order to run through gate electrode 
305D and gate dielectric film 309 and to inject an impurity into a Lov field semi- 
conductor layer, the conditions of doping are performed with low-concentration 
and high acceleration voltage. 

[0181] At this example, the Loff field 314 and the Lov field 313 were formed by 
setting a dose into 3.5x1012 atoms/cm2, and setting acceleration voltage to 90kV. 
[0182] In addition, although resist mask 307D was removed after the 4th gate 
electrode etching in this example, it is satisfactory even if it carries out after the 
3rd doping. 

[0183] In addition, drawing 3 (E) corresponds with drawing 6 (A), the Loff field 
314 corresponds to 557-561, and the Lov field 313 supports 562-566. However, 
556, 561 , and 566 do not function as a Lov field or a Loff field. 
[0184] The mask 567 which newly consists of a photoresist so that the 
component which functions as a n-type semiconductor may be covered 
continuously is formed, and the semiconductor device of p mold is formed 
according to the 4th doping process. ( Drawing 6 (B)) The p type semiconductor 
layers 570-575 are formed with doping the element which contributes a p type 
semiconductor after that. 

[0185] Although the impurity which contributes n mold is added by said 
semiconductor devices 570-575 at this time, a problem is not produced when 
functioning as a p type semiconductor component with doping the concentration 
of the impurity which gives p mold so that it may become 2x1020 - 2x1021 
atoms/cm3. 



[0186] At this example, the p type semiconductor components 570-575 were 
formed by setting boron into dose 3x1015 atoms/cm2, and setting acceleration 
voltage to 20-30kV. 

[0187] After removing the photoresist mask 576, the 1st interlayer insulation film 
576 is formed all over a substrate. Although 150nm of oxidation silicon nitride 
was formed by the plasma-CVD method at this process, what is necessary is just 
the insulator layer which may use other approaches, such as a spatter, of course 
and uses not only an oxidation silicon nitride film but silicon as a principal 
component. Moreover, in the insulator layer which used silicon as the principal 
component, a problem does not have a monolayer or two or more kinds of 
cascade screens. 

[0188] Next, the process which carries out activation of the impurity element 
added by the semi-conductor layer is performed. This activation process is 
performed by the heat annealing method for using a furnace annealing furnace. 
As a heat annealing method, the oxygen density performed 1 ppm or less of 
activation by 550 degrees C and heat treatment of 4 hours at this example that 
what is necessary is just to perform 400-700 degrees C at 500-550 degrees C 
typically in nitrogen-gas-atmosphere mind 0.1 ppm or less preferably. In addition, 
the laser annealing method or the rapid thermal annealing method (RTA law) 
other than the heat annealing method is applicable. 

[0189] In addition, although this activation process may be performed before 
membrane formation of said 1st interlayer insulation film 576, since it becomes 
the process which applies heat here, it is desirable in the case of the matter with 
the ingredient weak with heat used for the gate electrode etc. to form an 
oxidation silicone film, a silicon nitride film, an oxidation silicon nitride film, etc. 
which use silicon etc. as a principal component beforehand as a protective coat, 
or to operate the 1st interlayer film also as a protective coat like this example. 
[0190] Then, heat treatment of 1 - 12 hours is performed at 300-550 degrees C 
among 3 - 100% of hydrogen ambient atmosphere, and the process which 
hydrogenates a semi-conductor layer is performed. 



[0191] In this example, hydrogenation of 1 hour was performed in 350-degree-C 
ambient atmosphere H2100%. In addition, this hydrogenation may be performed 
in a hydrogen plasma ambient atmosphere. 

[0192] Next, the 2nd interlayer insulation film 578 which consists of organic resin 
film which makes representation the acrylic which can be formed by spin 
spreading on the 1st interlayer insulation film 576, polyimide, etc. is formed. 
Flattening of the substrate with which the semiconductor device was formed by 
forming the 2nd interlayer insulation film by spin spreading is also made into the 
purpose. 

[0193] The acrylic of 1600nm of thickness was formed in this example. 
[0194] Then, the contact hole for etching said gate dielectric film 537 located on 
said source field, a drain field, or gate wiring, the 1st interlayer insulation film 576, 
and the 2nd interlayer insulation film 578, and connecting with the middle wiring 
579-588 is formed. In order that the etching approach of each insulator layer may 
be doubled with each film and may make good coverage in membrane formation 
of middle wiring at this time, an acrylic, the oxidization silicon nitride used for an 
organic compound insulator and the 1st interlayer insulation film, such as 
polyimide, can be etched that what is necessary is just to etch so that the taper 
configuration of 45-80 degrees of cone angles may be acquired, if mixed gas, 
such as CF4 and 02, is used. However, it must process on the conditions which 
can take a high selection ratio to a semi-conductor layer to etch the gate 
dielectric film currently formed on the semi-conductor layer. There are CHF3, 
C4F8, etc. in the gas which etches alternatively the oxidization silicon nitride 
which is gate dielectric film to semi-conductor layer silicon, in addition, although 
CHF3 and C4F8 can be said to be fluorine system gas, since use applications 
differ, the fluorine system gas which a selection ratio with silicon is high gas, and 
is called by this detail letter shall not be included in fluorine system gas by this 
detail letter 

[0195] In this example, gas sets RF power to 500W using CF4, helium, and 02 
with an RIE system, setting a chamber pressure as 66.7Pa. A quantity of gas 



flow sets 5sccm(s) and helium to 40sccm(s), and sets 02 to 95sccm(s) for CF4, 
respectively. Etch the acrylic of the 2nd interlayer insulation film, and similarly as 
for it, gas sets RF power to 300W using CF4, helium, and 02 with an RIE system, 
setting a chamber pressure as 40.0Pa. A quantity of gas flow sets 50sccm(s) and 
helium to 35sccm(s), and sets 02 to 50sccm(s) for CF4, respectively. Etch the 
oxidization silicon nitride of the 1st interlayer insulation film, and similarly, with an 
RIE system, using CHF3, 800W and gas carry out 7.3Pa for a chamber pressure, 
and, as for it, gas carries out 35sccm inflow of CHF3 for RF power. The 
oxidization silicon nitride of gate dielectric film was alternatively etched to the 
semi-conductor layer. 

[0196] Then, the middle wiring 579-588 is formed. Since it functioned also as a 
pixel electrode and a reflector, as for said middle wiring, it was desirable to use a 
metallic material with a high reflection factor, in this example, the laminating of 
the alloy film of Ti, and aluminum and Ti was carried out, and it formed it. Using 
the spatter, 50nm of Ti thickness was formed, 500nm continuation membrane 
formation of the alloy film of aluminum and Ti was carried out continuously, and it 
considered as the laminated structure. 

[0197] Dry etching of said middle wiring is carried out after the mask formation by 
the photoresist using the gas which contains chlorine or chlorine in a component. 
In this example, dry etching of chlorine and the boron trichloride was carried out 
to etching gas using the gas mixed at same rate, and the middle wiring 579-588 
was formed. 

[0198] The picture element part 607 which has the drive circuit 606 which has the 
n channel mold TFT601, the p channel mold TFT602, and the n channel mold 
TFT603 as mentioned above, and a pixel TFT604 and retention volume 605 can 
be formed on the same substrate. In this specification, such a substrate is called 
a active-matrix substrate for convenience. 

[0199] Next, the production approach of the reflective mold active matrix liquid 
crystal display which applied the active-matrix substrate shown in drawing 7 
using drawing 8 is explained. 



[0200] First, the spacer 589 of the shape of a column acquired by carrying out 
patterning of the resin film on a active matrix is formed. Moreover, what is 
necessary is just to determine arrangement of a spacer as arbitration. In addition, 
the approach of sprinkling and preparing a several micrometers particle is 
sufficient as a spacer. 

[0201] Next, the orientation film 590 which consists of polyimide resin for carrying 
out orientation of the liquid crystal to the picture element part of a active-matrix 
substrate etc. is formed. After forming the orientation film, it was made to carry 
out orientation with the fixed pre tilt angle which performs rubbing processing and 
has a liquid crystal molecule. 

[0202] Next, the opposite substrate 591 is prepared. A light-shielding film 592, a 
transparent electrode 593, and the orientation film 594 are formed in an opposite 
substrate. A light-shielding film 592 forms Ti film, Cr film, aluminum film, etc. by 
the thickness of 150-300nm. 

[0203] Moreover, rubbing processing is performed to the orientation film 594. And 
a picture element part, the active-matrix substrate with which the drive circuit was 
formed, and an opposite substrate are stuck by the sealing compound 595. 
[0204] Then, the liquid crystal ingredient 596 is poured in among both substrates. 
What is necessary is just to use a well-known liquid crystal ingredient for a liquid 
crystal ingredient. For example, the non-threshold antiferroelectricity liquid crystal 
mixture in which the electro-optics responsibility from which the permeability 
other than TN liquid crystal changes continuously to a magnetic field is shown 
can also be used. There are some which show the electro-optics response 
characteristic of a V character mold in this non-threshold antiferroelectricity liquid 
crystal mixture. If liquid crystal 596 is poured in, it will close completely with 
encapsulant. 

[0205] Thus, the active matrix liquid crystal display of the reflective mold shown 
in drawing 8 is completed. 

[0206] By [example 2] this example, in an example 1, in case a gate electrode is 
formed in dry etching, how to use SF6 for etching gas and to obtain a higher 



selection ratio to gate dielectric film is explained using drawing 3 . In addition, in 
this example, since the process after the 3rd [ after gate electrode formation ] 
doping is completely the same as an example 1 to the process which forms a 
gate electrode, it does not write. 

[0207] Dry etching of the 1st electric conduction film 305 of a laminated structure 
and the 2nd electric conduction film 306 which were formed according to the 
example 1 is carried out using the resist mask 307 by photolithography. In 
addition, like the example 1, the TaN film was used for the 1st electric conduction 
film, and W film was used for the 2nd electric conduction film. 
[0208] In this example, the dry etching system which carries the plasma 
generation source of an ICP (Inductively Coupled Plasma) method was used for 
the dry etching of a gate electrode. 

[0209] In the 1st dry etching, ICP power was set to 500W, 150W and an etching 
chamber pressure were set to 1 .OPa for bias power, and CI2, CF4, and 02 were 
used for process gas. The quantity of gas flow set 25sccm(s) and CF4 to 
25sccm(s), and set 02 to 10sccm(s) for CI2, respectively. 
[0210] The tungsten which is the 2nd electric conduction film is etched 
alternatively, and the taper configuration of about 23 degrees of cone angles is 
formed in the edge. In order that the etching rate of a tungsten may go up 
because 02 is contained in process gas, and the etching rate of the TaN film 
may decrease, a gate electrode (W film) is etched alternatively. Moreover, a 
result in which the small gate electrode of a cone angle is formed by setting bias 
power as 150W is brought. 

[021 1] Since gate electrode 305A remains all over the substrate only by about 
13-14nm being etched by the over etching of a gate electrode (W film), the gate 
dielectric film located in the lower layer has the configuration of 304A, without 
being etched. 

[0212] In addition, in the 1st dry etching, CI2, SF6, and 02 may be used for 
etching gas. 

[0213] The 2nd dry etching process is performed continuously. The mask by the 



photoresist is 307A of the 1st configuration by the 1st etching. This photoresist 
307A is used as it is without removing. Moreover, what is necessary is to change 
conditions in etching and just to process in the same equipment and the same 
chamber. 

[0214] Said gate electrode (TaN film) and a gate electrode (W film) are etched 
into coincidence by modification of the process gas in dry etching, and process 
conditions, and gate electrode 305B and gate electrode 306B which have the 
2nd configuration are formed. In this example, ICP power was set to 500W, 10W 
and an etching chamber pressure were set to 1.3Pa for bias power, and CI2 and 
SF6 were used for process gas. The quantity of gas flow set CI2 to 10sccm(s), 
and set SF6 to 50sccm(s), respectively. 

[0215] The cone angle of a gate electrode edge becomes large by making bias 
power smaller than the 1st dry etching process, and the width of face of the gate 
becomes thin. Moreover, the etching rates of W film at this time are 1 1 1 nm/min, 
and the etching rate of 104 nm/min and the TaN film is etched with the almost 
same speed. Gate electrode 305B and gate electrode 306B which have the 2nd 
configuration are formed. 

[0216] At this time, the TaN film which remained by the 1st dry etching is etched 
in about 8 seconds. Then, in order to remove the etch residue of the TaN film 
completely, over etching for about 15 seconds is performed. About 3.2nm of gate 
dielectric film located in the lower layer of the TaN film is etched by said over 
etching, and it is set to gate-dielectric-film 304B of the 2nd configuration by it. 
[0217] The semi-conductor layer which laps with the taper section on both sides 
of gate dielectric film in the gate electrode of the 2nd configuration serves as a 
LDD field by performing 3rd next doping. In this example, the die length of a LDD 
field turns into die length with which the thickness of a gate electrode doubled 
100nm of etching **** to the direction of channel length of 820nm and a resist 
mask by 400nm since the cone angle was about 26 degrees. 
[0218] The resist mask is 2nd configuration 307B by the 2nd dry etching. The 
2nd doping process which continues without removing this resist mask 307B is 



performed, and a n-type-semiconductor layer is formed. The impurity element (15 
groups' element which is represented by Lynn and the arsenic) which gives the 
gate electrode of the 2nd configuration to a mask and gives n mold to a source 
field or a drain field is doped. 

[0219] At this example, the impurity range of 1x1020 - 1x1021 atoms/cm3 was 
formed in a source field or the drain fields 208-21 1 in self align with doping dose 
1.5x1015 atoms/cm2 and acceleration voltage for Lynn as 80kV. 
[0220] Next, the 3rd dry etching process is performed, without removing a resist 
mask. At the 3rd dry etching process, further, with the 2nd configuration, both 
gate electrode 305B of said 2nd configuration and gate electrode 306B are 
etched, and the taper section which existed about 26 degrees of cone angles is 
etched so that it may become a bigger include angle, and gate electrode 305C of 
the 3rd configuration and gate electrode 306C are formed. 
[0221] The semi-conductor layer 314 which laps with gate electrode 305B of the 
2nd configuration which does not lap with gate electrode 305C of the 3rd 
configuration on both sides of gate dielectric film serves as a Loff field according 
to the 3rd next doping process. The amount of etching from the 3rd dry etching 
time amount to the direction of channel length of said gate electrode (TaN film) is 
controlled, and the die length of a Loff field is controlled. 

[0222] An etching system uses an ICP method dry etching system again. Etching 
conditions set ICP power to 500W, and set 10W and an etching chamber 
pressure to 1.3Pa for bias power. Gas used CI2 and SF6. The quantity of gas 
flow set CI2 to 10sccm(s), and set SF6 to 50sccm(s), respectively. The gate 
electrode (TaN film) and gate electrode (W film) which have the 2nd configuration 
are etched, and gate electrode 305C and gate electrode 306C which have the 
3rd configuration as mentioned above are formed. At this time, etching time was 
made into 40 seconds so that the amount of etching to the direction of channel 
length of the gate electrode (TaN film) which serves as Loff length substantially 
might be set to 480nm. 

[0223] About 5.8nm of gate dielectric film which does not lap with said gate 



electrode 305C by the 3rd etching is etched, and it serves as 3rd configuration 
304C. In addition, 9.0nm of gate dielectric film is etched at the process so far. 
[0224] Continuously, the 4th dry etching process is performed. The resist mask 
serves as 307C of the 3rd configuration by the 3rd etching. This resist mask 
307C is used as it is without removing. What is necessary is to change etching 
conditions and just to process in the same equipment and the same chamber. By 
the 4th etching, gate electrode 306C is etched alternatively again. The way of a 
gate electrode (TaN film) acquires a long configuration in the direction of channel 
length compared with a gate electrode (W film) by processing on conditions into 
which a gate electrode (TaN film) is not etched. 

[0225] Moreover, in the gate electrode of the 4th configuration acquired by the 
4th etching, the semi-conductor layer 313 which laps with the gate electrode 
(TaN film) which does not lap with a gate electrode (W film) on both sides of gate 
dielectric film serves as a Lov field by 3rd next doping. 

[0226] A Lov field is formed by the die length which lengthened the die length of 
Loff determined by the 3rd dry etching from the die length of a LDD field. 
[0227] In this example, ICP power was set to 500W and 20W and an etching 
chamber pressure were set to 1.0Pa for bias power. Gas used CI2, SF6, and 02. 
The quantity of gas flow set 20sccm(s) and CF4 to 20sccm(s), and set 02 to 
20sccm(s) for CI2, respectively. The gate electrode of the 3rd configuration was 
etched alternatively and gate electrode 306D which has the 4th configuration 
where width of face is thinner than gate electrode 306C of the 3rd configuration, 
by enlarging the cone angle of an edge further was formed. 
[0228] Moreover, an about several nm gate electrode (TaN film) is not etched, 
but gate electrode 305D of the 4th configuration of the almost same width of face 
as gate electrode 305C of the 3rd configuration is formed. 
[0229] Gate electrode 305D of the 4th configuration became a configuration long 
420nm (the whole gate width 840nm) only at one side compared with gate 
electrode 306D, and secured the 420nm Lov field 313 in this example. 
[0230] About 0.5nm of gate dielectric film is etched by the 4th dry etching. 



Moreover, the amount into which gate dielectric film is etched by the 1st, 2nd, 3rd, 
and 4th etching is about 9.5nm. In this example, although the amount into which 
gate dielectric film is etched by the 1st, 2nd, 3rd, and 4th etching in the example 
1 was 88nm at the maximum, since SF6 was used for etching gas, the selection 
ratio with gate dielectric film was able to become higher, and was able to 
decrease the amount of etching of gate dielectric film about 89%. 
[0231] Mask 307D formed of the photoresist is removed after the 4th dry etching 
termination. What is necessary is just to remove by well-known approaches, such 
as ashing by the mixed gas of 02 ashing, H20 ashing or 02, and H20, ashing 
processing which added fluorine system gas, such as nitrogen or CF4, in said 
ashing gas, or removal with a drug solution. 

[0232] In this example, 02 ashing removed mask 307D using the dry etching 
system of a RIE method. 

[0233] The configuration of the same gate electrode as an example 1 could be 
formed by using the above approach, and the amount of etching to the gate 
dielectric film at that time was able to be held down to 9.5nm. 
[0234] In addition, although SF6 was used for etching gas in the 2nd, 3rd, and 
4th dry etching in this example, dry etching may be suitably performed on the 
conditions using CF4 like an example 1. For example, it etches into the 1st, 2nd, 
and 4th dry etching on the conditions which used CF4, and you may make it etch 
on the conditions for which only the 3rd dry etching used SF6. 
[0235] Although the gate electrode structure which used tantalum nitride as the 
lower layer and made the tungsten the upper layer here was explained to the 
example, it is not limited to this gate structure, but the nitride which uses as a 
component the element chosen from a tungsten, a tantalum, titanium, 
molybdenum, silver, copper, etc. or said element, or the alloy which combined 
said element is chosen suitably, and should just carry out a laminating. 
[0236] [Example 3] this example explains how to make almost equivalent high 
impurity concentration of a Loff field and a Lov field using drawing 9 by changing 
the timing which processes conditions by the approach of being different in an 



example 1 in etching of a gate electrode, and dopes by the approach of forming 
the semi-conductor layer of n mold which has a Lov field and a Loff field 
according to an example 1. 

[0237] The island-shape semi-conductor layer 903 which has an insulator layer 
902 and the crystal structure, gate dielectric film 904, the 1st electric conduction 
film 905, and the 2nd electric conduction film 906 are formed on a glass 
substrate 901 like an example 1, and the mask 907 which consists of a 
photoresist is formed. 

[0238] In addition, like the example 1, the TaN film was used for the lower layer 
gate electrode material, and W film was used for the upper gate electrode 
material. Moreover, the dry etching system which carries the plasma generation 
source of an ICP method, or the dry etching system of a RIE method was used 
for the dry etching of a gate electrode. 

[0239] The 1st dry etching is performed like an example 1. Using CI2, CF4, and 
02, ICP power is set to 500W, as for gas, it sets 150W and an etching chamber 
pressure to 1.0Pa for bias power, and a quantity of gas flow etches 25sccm(s) 
and CF4 by 25sccm(s), and etches 02 for CI2 by 10sccm(s), respectively. 
[0240] At this time, a gate electrode (W film) is etched alternatively and gate 
electrode 906A of the 1st configuration in which the taper configuration of 26 
degrees of cone angles was formed is formed in an edge. Although about 13- 
14nm (TaN film) of gate electrodes is etched by the over etching of a gate 
electrode (W film), they remain all over the substrate, and gate electrode 905A of 
the 1st configuration is formed. 

[0241] Moreover, the 1st dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0242] At this time, gate dielectric film is [0243] in which it is not etched into since 
1st electric conduction film 905A remains all over the substrate, but gate- 
dielectric-film 904A of the 1st configuration is formed. Continuously, the 2nd dry 



etching is performed, without removing a resist mask like an example 1. It set 
20W and an etching chamber pressure to 1.0Pa for bias power using CI2 and 
CF4, having set ICP power as 500W, and CI2 was set to 30sccm(s) and gas set 
CF4 to 30sccm(s) for the quantity of gas flow, respectively. Gate electrode 905A 
of the 1st configuration and gate electrode 906B are etched into coincidence, and 
gate electrode 905B of the 2nd configuration and gate electrode 906B are formed. 
[0244] At this time, gate-dielectric-film 904A located in the outside of gate 
electrode 905B is also etched, and gate-dielectric-film 904B of the 2nd 
configuration is formed. 

[0245] Moreover, the 2nd dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0246] Next, 2nd doping is performed like an example 1. In addition, 1st doping is 
considered as doping performed to the channel field in order to control the 
threshold property of TFT after formation of the semi-conductor layer which 
consists of a crystalline substance silicone film. 

[0247] A source field or a drain field is formed in the semi-conductor layer 908 
with doping the impurity which gives n mold. In this example, Lynn was chosen 
as the impurity and it doped with dose 1.5x1015 atoms/cm2 and the acceleration 
voltage of 80kV. 

[0248] Next, the 3rd dry etching is performed. It carries out without removing a 
resist mask also here using an ICP method dry etching system. As for gas, it set 
20W and an etching chamber pressure to 1.0Pa for bias power using CI2, CF4, 
and 02, having set ICP power as 500W, and the quantity of gas flow set CI2 to 
25sccm(s), and set 25sccm(s) and 02 to 10sccm(s) for CF4, respectively. 
[0249] Gate electrode 906C of the 3rd configuration which has a bigger include 
angle than the taper configuration which the gate electrode (W film) was 
alternatively etched by processing on the conditions used by the 4th dry etching 
in the example 1, and was acquired in the 1st and 2nd configurations is formed. 



[0250] Although most gate electrodes (TaN film) remain without being etched, the 
gate electrode (TaN film) exposed as a gate electrode (W film) is etched in the 
direction of channel length is gradually etched from an edge, and 3rd 
configuration 905C which has a less than 5-degree very small cone angle is 
formed. 

[0251] Moreover, the 3rd dry etching may use the gas chosen as etching gas 
from fluorine system gas, such as chlorine-based gas, such as CI2, BCI3, SiCI4, 
and CCI4, and CF4, SF6, NF3, and 02, or the mixed gas which makes these a 
principal component. 

[0252] At this time, gate-dielectric-film 904B of the 2nd configuration located in 
the outside of the gate electrode (TaN film) of the 2nd configuration is etched, 
and gate-dielectric-film 904C of the 3rd configuration is formed. 
[0253] Next, 3rd doping is performed. The impurity which gives n mold so that it 
may run through gate electrode 905C in the semi-conductor layer 909 which 
uses gate electrode 906C of the 3rd configuration for a mask, and does not lap 
with a gate electrode (W film), but laps with a gate electrode (TaN film) is doped. 
[0254] The edge of gate electrode 905C of the 3rd configuration has the less 
than 5-degree very small cone angle, and the thickness has distribution. 
Although slight distribution arises also in the high impurity concentration of the 
semi-conductor layer in the 3rd doping according to said thickness distribution, it 
becomes smaller than the high-impurity-concentration difference of the Loff field 
produced at the time of said example 1, and a Lov field. 

[0255] At this example, Lynn is chosen as an impurity and the LDD field 909 of n 
mold with high impurity concentration lower than a source field and the drain field 
908 is formed in the semi-conductor layer 909 by setting dose 3.5x1012 
atoms/cm2 and acceleration voltage to 90kV. 

[0256] Next, the 4th dry etching is performed. Gate electrode 905C of the 3rd 
configuration is etched, and gate electrode 905D of the 4th configuration is 
formed. 

[0257] The edge of gate electrode 905C of the 3rd configuration has the taper 



configuration, it is gradually etched toward the location which laps with gate 
electrode 906C of the 3rd configuration from the edge of the gate electrode (TaN 
film) of the 3rd configuration by carrying out dry etching to an anisotropy, and the 
width of face of gate electrode 905D of the 4th configuration serves as a thin 
configuration from gate electrode 905C of the 3rd configuration. 
[0258] A part of LDD field 909 which had lapped with gate electrode 905C of the 
3rd configuration comes to be located in the outside of the gate electrode of the 
4th configuration by the 4th dry etching. Therefore, said LDD field 909 turns into 
the Loff field 910 and the Lov field 911. 

[0259] However, if an etching rate processes a gate electrode (TaN film) on quick 
etching conditions for the thin film (TaN film) which has a very small cone angle, 
all gate electrodes (TaN film) may be etched. 

[0260] In this example, the dry etching system of an parallel monotonous mold 
RIE method was used for the 4th dry etching, RF power was set to 800W, having 
set the chamber pressure as 6.7Pa, and gas carried out 35sccm inflow and 
etched CHF3. In addition, especially although the dry etching system of a RIE 
method was used here, it is not limited, but the dry etching system of an ICP 
method may be used. 

[0261] Although most gate-dielectric-film 904C of a field which does not lap with 
gate electrode 905C of the 3rd configuration by the 4th dry etching at this time is 
etched, it is satisfactory when manufacturing a semiconductor device, even if all 
gate dielectric film is etched. Since the reason uses CHF3 for etching gas, be 
alternatively etched gate dielectric film to the silicon which is a semi-conductor 
layer. Moreover, in case the oxidization silicon nitride which is the 1st interlayer 
insulation film in an example 1 also in case the contact hole for connecting a 
semi-conductor layer with middle wiring is formed is etched, it is because what is 
necessary is just to carry out on the conditions which can etch into the silicon and 
the selection target of semi-conductor layers, such as CHF3. 
[0262] Moreover, by etching by above CHF(s)3, when the amounts of etching of 
the TaN film run short, after using CI2 and CF4, or CI2, CF4 and 02 for etching 



gas, etching about 5 to 20 seconds and etching the TaN film beforehand, you 
may etch using CHF3. 

[0263] A photoresist 907 is removed after the 4th dry etching. 
[0264] The semiconductor device which has a Loff field and a Lov field by five 
mask number of sheets as well as an example 1 can be produced, and the high 
impurity concentration of a Loff field and a Lov field can produce an equivalent 
semiconductor device because it is adapted for said example 1 in this example. 
[0265] Although the gate electrode structure which used tantalum nitride as the 
lower layer and made the tungsten the upper layer here was explained to the 
example, it is not limited to this gate structure, but the nitride which uses as a 
component the element chosen from a tungsten, a tantalum, titanium, 
molybdenum, silver, copper, etc. or said element, or the alloy which combined 
said element is chosen suitably, and should just carry out a laminating. 
[0266] By [example 4] this example, in case a gate electrode is formed in dry 
etching in an example 3, how to use SF6 for etching gas and to obtain a higher 
selection ratio to gate dielectric film is explained using drawing 9 . In addition, 
since it is completely together with an example 3 or an example 1 except the 
process which forms a gate electrode in this example, it does not write. 
[0267] Like an example 3, on a glass substrate 901, the island-shape semi- 
conductor layer 903 which has an insulator layer 902 and the crystal structure, 
gate dielectric film 904, the 1st electric conduction film 905, and the 2nd electric 
conduction film 906 are formed, and the mask 907 which consists of a 
photoresist is formed. 

[0268] In addition, W film was used for the gate electrode in which the TaN film is 
prepared by the gate electrode prepared in a lower layer like an example 3 at the 
upper layer. Moreover, the dry etching system of an ICP method was used for 
the dry etching of a gate electrode like the example 3. 

[0269] The 1st dry etching is performed. Using CI2, CF4, and 02, ICP power is 
set to 500W, as for gas, it sets 150W and an etching chamber pressure to 1 .OPa 
for bias power, and a quantity of gas flow etches 25sccm(s) and CF4 by 



25sccm(s), and etches 02 for CI2 by 10sccm(s), respectively. 
[0270] At this time, a gate electrode (Wfilm) is etched alternatively and gate 
electrode 906A of the 1st configuration in which the taper configuration of 26 
degrees of cone angles was formed is formed in an edge. Although about 13- 
14nm (TaN film) of 1st electric conduction film is etched by the over etching of a 
gate electrode (Wfilm), it remains all over the substrate, and 1st electric 
conduction film (TaN film) 905A is formed. 

[0271] At this time, gate dielectric film is [0272] in which it is not etched into since 
1st electric conduction film (TaN film) 905A remains all over the substrate, but 
gate-dielectric-film 904A of the 1st configuration is formed. In addition, in the 1st 
dry etching, CI2, SF6, and 02 may be used for etching gas. 
[0273] Continuously, the 2nd dry etching is performed, without removing a resist 
mask. It set 10W and an etching chamber pressure to 1.3Pa for bias power using 
CI2 and SF6, having set ICP power as 500W, and CI2 was set to 10sccm(s) and 
gas set SF6 to 50sccm(s) for the quantity of gas flow, respectively. 1st electric 
conduction film 905A and gate electrode 906B of the 1st configuration are etched 
into coincidence, and gate electrode 905B of the 2nd configuration and gate 
electrode 906B are formed. 

[0274] At this time, 1st electric conduction film 905A located in the outside of the 
gate electrode (W film) of the 1st configuration is etched in about 8 seconds. 
Then, in order to remove the etch residue of the TaN film completely, over 
etching for about 15 seconds is performed. About 3.2nm gate-dielectric-film 904A 
located in the lower layer of said gate electrode 905A is etched by said over 
etching, and gate-dielectric-film 904B of the 2nd configuration is formed of it. 
[0275] Next, 2nd doping is performed. In addition, 1st doping is considered as 
doping performed to the channel field in order to control the threshold property of 
TFT after formation of a semi-conductor layer. 

[0276] A source field or a drain field is formed in the semi-conductor layer 908 
with doping the impurity which gives n mold. In this example, Lynn was chosen 
as the impurity and it doped with dose 1.5x1015 atoms/cm2 and the acceleration 



voltage of 80kV. 

[0277] Next, the 3rd dry etching is performed. It carries out without removing a 
resist mask also here using an ICP method dry etching system. As for gas, it set 
10W and an etching chamber pressure to 1.3Pa for bias power using CI2, SF6, 
and 02, having set ICP power as 500W, and the quantity of gas flow set CI2 to 
20sccm(s), and set 20sccm(s) and 02 to 20sccm(s) for SF6, respectively. 
[0278] Gate electrode 906C of the 3rd configuration which has a bigger include 
angle than the taper configuration from which the gate electrode (W film) was 
alternatively etched, and was obtained in the 1st and 2nd configurations by 
processing with bias power smaller than the 1st dry etching is formed. 
[0279] Although most gate electrodes (TaN film) remain without being etched, the 
gate electrode (TaN film) exposed as a gate electrode (W film) is etched in the 
direction of channel length is gradually etched from an edge, and 3rd 
configuration 905C which has a less than 5-degree very small cone angle is 
formed. 

[0280] At this time, about 37.3nm gate-dielectric-film 904B of the 2nd 
configuration located in the outside of the gate electrode (TaN film) of the 2nd 
configuration is etched, and gate-dielectric-film 904C of the 3rd configuration is 
formed. 40.5nm of gate dielectric film is etched by the etching so far. 
[0281] In the example 3, although about 64.4nm of gate dielectric film was etched 
by the 1st, 2nd, and 3rd dry etching, the amount of etching of gate dielectric film 
was able to be decreased about 42% by using SF6 for etching gas like this 
example. 

[0282] Next, 3rd doping is performed. The impurity which gives n mold so that it 
may run through gate electrode 905C in the semi-conductor layer 909 which 
uses gate electrode 906C of the 3rd configuration for a mask, and does not lap 
with a gate electrode (W film), but laps with a gate electrode (TaN film) is doped. 
[0283] The edge of gate electrode 905C of the 3rd configuration has the less 
than 5-degree very small cone angle, and the thickness has distribution. 
Although slight distribution arises also in the high impurity concentration of the 



semi-conductor layer in the 3rd doping according to said thickness distribution, it 
becomes smaller than the high-impurity-concentration difference of the Loff field 
produced at the time of said example 1 , and a Lov field. 

[0284] At this example, Lynn is chosen as an impurity and the LDD field 909 of n 
mold with high impurity concentration lower than a source field and the drain field 
908 is formed in the semi-conductor layer 909 by setting dose 3.5x1012 
atoms/cm2 and acceleration voltage to 90kV. 

[0285] Next, the 4th dry etching is performed. Gate electrode 905C of the 3rd 
configuration is etched, and gate electrode 905D of the 4th configuration is 
formed. 

[0286] In the edge of gate electrode 905C of the 3rd configuration, it has the 
taper configuration, and is gradually etched toward the location which laps with 
gate electrode 906C of the 3rd configuration from the edge of the gate electrode 
(TaN film) of the 3rd configuration by performing dry etching of an anisotropy, 
and the width of face of gate electrode 905D of the 4th configuration serves as a 
thin configuration from gate electrode 905C of the 3rd configuration. 
[0287] A part of LDD field 909 which had lapped with gate electrode 905C of the 
3rd configuration comes to be located in the outside of the gate electrode (TaN 
film) of the 4th configuration by the 4th dry etching. Therefore, said LDD field 909 
turns into the Loff field 91 0 and the Lov field 91 1 . 

[0288] However, if an etching rate processes gate electrode 905C on quick 
etching conditions for the thin film (TaN film) which has a very small cone angle, 
all gate electrode 905C may be etched. 

[0289] In this example, the dry etching system of an parallel monotonous mold 
RIE method was used for the 4th dry etching, RF power was set to 800W, having 
set the chamber pressure as 6.7Pa, and gas carried out 35sccm inflow and 
etched CHF3. 

[0290] Although most gate-dielectric-film 904C of a field which does not lap with 
gate electrode 905C of the 3rd configuration by the 4th dry etching is etched at 
this time, it is satisfactory when manufacturing a semiconductor device, even if all 



gate dielectric film is etched. The reason is that it can etch gate dielectric film 
alternatively to a semi-conductor layer (silicon) since CHF3 is used for etching 
gas. Moreover, in case the oxidization silicon nitride which is the 1st interlayer 
insulation film in an example 1 also in case the contact hole for connecting a 
semi-conductor layer with middle wiring is formed is etched, it is because what is 
necessary is just to carry out on a semi-conductor layer (silicon) and the 
conditions which can etch alternatively using CHF3 etc. 

[0291] Moreover, by etching by above CHF(s)3, when the amounts of etching of 
the TaN film run short, after etching about 5 to 20 seconds using CI2 and CF4, or 
CI2, CF4 and 02 and etching the TaN film beforehand, you may etch using 
CHF3. 

[0292] Moreover, SF6 may be used and etched instead of CF4. 

[0293] A photoresist 907 is removed after the 4th dry etching. 

[0294] By using the above approach, the configuration of the same gate 

electrode as an example 3 could be formed, and the amount of etching of the 

gate dielectric film at the time of the 3rd dry etching termination was able to be 

held down to 40.5nm. 

[0295] Although the gate electrode structure which used tantalum nitride as the 
lower layer and made the tungsten the upper layer here was explained to the 
example, it is not limited to this gate structure, but the nitride which uses as a 
component the element chosen from a tungsten, a tantalum, titanium, 
molybdenum, silver, copper, etc. or said element, or the alloy which combined 
said element is chosen suitably, and should just carry out a laminating. 
[0296] TFT formed by carrying out [example 5] above-mentioned each example 1 
or an example 2 can be used for various electro-optic devices (an active matrix 
liquid crystal display, a active-matrix mold EL display, active-matrix mold EC 
display). That is, this invention can be carried out on all the electronic equipment 
that built these electro-optic devices into the display. 
[0297] As such electronic equipment, a video camera, a digital camera, a 
projector, a head mount display (goggles mold display), car navigation, a car 



stereo, a personal computer, Personal Digital Assistants (a mobile computer, a 
cellular phone, or digital book), etc. are mentioned. Those examples are shown 
in drawing 10 , drawing 1 1 , and drawing 12 . 

[0298] Drawing 10 (A) is a personal computer and contains a body 2001, the 
image input section 2002, a display 2003, and keyboard 2004 grade. This 
invention is applicable to a display 2003. 

[0299] Drawing 10 (B) is a video camera and contains a body 2101, a display 
2102, the voice input section 2103, the actuation switch 2104, a dc-battery 2105, 
and television section 2106 grade. This invention is applicable to a display 2102. 
[0300] Drawing 10 (C) is a mobile computer (Mobile computer), and contains a 
body 2201, the camera section 2202, the television section 2203, the actuation 
switch 2204, and display 2205 grade. This invention is applicable to a display 
2205. 

[0301] Drawing 10 (D) is a goggles mold display, and contains a body 2301, a 
display 2302, and arm section 2303 grade. This invention is applicable to a 
display 2302. 

[0302] Drawing 10 (E) is a player using the record medium (it is hereafter called a 
record medium) which recorded the program, and contains a body 2401, a 
display 2402, the loudspeaker section 2403, a record medium 2404, and 
actuation switch 2405 grade. In addition, this player can use music appreciation, 
movie appreciation, a game, and the Internet, using DVD (Digtial Versatile Disc), 
CD, etc. as a record medium. This invention is applicable to a display 2402. 
[0303] Drawing 10 (F) is a digital camera and contains a body 2501, a display 
2502, an eye contacting part 2503, the actuation switch 2504, the television 
section (not shown), etc. This invention is applicable to a display 2502. 
[0304] Drawing 1 1 (A) is a front mold projector, and contains a projection device 
2601 and screen 2602 grade. This invention is applicable to the drive circuit of a 
liquid crystal display 2808 or others which constitutes some projection devices 
2601. 

[0305] Drawing 1 1 (B) is a rear mold projector, and contains a body 2701, a 



projection device 2702, a mirror 2703, and screen 2704 grade. This invention is 
applicable to the drive circuit of a liquid crystal display 2808 or others which 
constitutes some projection devices 2702. 

[0306] In addition, drawing 1 1 (C) is drawing having shown an example of the 
structure of the projection devices 2601 and 2702 in drawing 1 1 (A) and drawing 
1 1 (B). Projection devices 2601 and 2702 consist of the light source optical 
system 2801, mirrors 2802, 2804-2806, a dichroic mirror 2803, prism 2807, a 
liquid crystal display 2808, a phase contrast plate 2809, and an incident light 
study system 2810. The incident light study system 2810 consists of optical 
system containing a projector lens. Although this example showed the example 
of a 3 plate type, it may not be limited especially, for example, may be a veneer 
type. Moreover, an operation person may prepare suitably the optical system of 
an optical lens, the film which has a polarization function, the film for adjusting 
phase contrast, IR film, etc., etc. in the optical path shown by the arrow head in 
drawing 1 1 (C). 

[0307] Moreover, drawing 1 1 (D) is drawing having shown an example of the 
structure of the light source optical system 2801 in drawing 1 1 (C). The light 
source optical system 2801 is constituted from this example by a reflector 281 1, 
the light source 2812, the lens arrays 2813 and 2814, the polarization sensing 
element 2815, and the condenser lens 2816. In addition, the light source optical 
system shown in drawing 11 (D) is especially an example, and is not limited. For 
example, an operation person may prepare suitably the optical system of an 
optical lens, the film which has a polarization function, the film which adjusts 
phase contrast, IR film, etc. in light source optical system. 
[0308] However, in the projector shown in drawing 11 , the case where the 
electro-optic device of a transparency mold is used is shown, and the example of 
application in the electro-optic device and EL display of a reflective mold is not 
illustrated. 

[0309] Drawing 12 (A) is a cellular phone and contains a body 2901, the voice 
output section 2902, the voice input section 2903, a display 2904, the actuation 



switch 2905, and antenna 2906 grade. This invention is applicable to a display 
2904. 

[0310] Drawing 12 (B) is pocket books (digital book), and contains a body 3001, 

displays 3002 and 3003, a storage 3004, the actuation switch 3005, and antenna 

3006 grade. This invention is applicable to displays 3002 and 3003. 

[0311] Drawing 12 (C) is a display and contains a body 3101, susceptor 3102, 

and display 3103 grade. This invention is applicable to a display 3103. Especially 

this invention can be applied also to the display of 10 inches or more (especially 

30 inches or more) of vertical angles, when it big-screen-izes. 

[0312] As mentioned above, the applicability of this invention is very wide, and 

applying to the electronic equipment of all fields is possible. Moreover, even if the 

electronic equipment of this example uses the configuration which consists of 

combination like an example 1 or example 2 throat, it is realizable. 

[0313] 

[Effect of the Invention] TFT which has GOLD structure can be produced in self 
align by using this invention, and mask number of sheets and the number of 
production processes can be reduced. The property of the semiconductor device 
equipped with this TFT improves, and becomes improvable [ compaction of the 
time amount which reduction of a manufacturing cost and manufacture take, and 
the yield ]. 

[0314] Moreover, the n channel mold TFT and the p channel mold TFT of GOLD 
structure can be manufactured by five mask number of sheets with this invention. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is drawing showing the etching property of W film and the TaN film. 
[Drawing 2] It is the photograph Fig. which observed the gate electrode before 
and behind etching. 

[Drawing 3] It is drawing showing the etching process and doping process of a 
gate electrode. 

[Drawing 4] It is the graph which shows the die length of the LDD field by etching 
conditions. 

[Drawing 5] It is drawing showing the making process of AM-LCD. 

[Drawing 6] It is drawing showing the making process of AM-LCD. 

[Drawing 7] It is drawing showing the making process of AM-LCD. 

[Drawing 8] It is cross-section structural drawing of a reflective mold liquid crystal 

display. 

[Drawing 9] It is drawing showing the etching process and doping process of a 
gate electrode. 

[Drawing 10] Drawing showing an example of electronic equipment. 
[Drawing 11] Drawing showing an example of electronic equipment. 
[Drawing 12] Drawing showing an example of electronic equipment. 
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